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INTRODUCTION 



This manual has been prepared for use by Peace Corp_s Trainees and 
Corps Volunteors as a resource in gaining understanding and knowledge 
ot basic Horticultural principles aSd practices of Orchard Management. 
Subject areas have been limited to those observed as being of most frequent 
cdricern to Volunteers in their project activities in fruit tree growing in 
al^ricaltur^^l pro.^rams abroad and particularly with deciduous type trees. 

This manual is designed to convey insights into basic Horticultural 
practices ami techniques. Primary emphasis is given to pr oviding explana- 
tions and illustrations of Horticultural practices as they relate to fruit tree 
production. Care has been taken to nnake the content realistic arid meaning- 
ful and presented with as non^techriical a vocabulary as is possible. 

The manual, to be most beneficial, should be used during training 
as c^teachrng guide and instructional tool. While the manual provides 
useful drawings, structural diagrams, and practical exerciseis, it is 
recognized that some of the material presented would be meaningless, or 
at least inadequately understood, by the average generalist or by the 
individual with no previous Horticulture experience. When the manual 
"is utilized as an integral part of a training program in which trainees are 
boLn- prepared- fcr work in Horticulture, and the material contained herein 
T.r<. seated and explained to trainees by qualified Horticulture Specialists, 
the manual can and will continue to be a valuable reference source for the 
Volunteer in the field. ; 

Kach of the principle units of the manual is complete and substantially 
Self-contained. Topic coverage is sequential but does not preclude each 
unU being used as a review or as new material. With the aid of this manual, 
during and after training, a Peace Corps Volunteer should be able to apply 
the principles and procedures of acceptable Horticultural practices on the 
farm for increased fruit tree production to almost ariy orchard management 
problem he might encounter during his service abroad. 

Development and Resources Corporation s inc er ely hope s that Peace 
Corps Voluntee/s will find this manual a useful working tool and helpful in 

their project activities. 
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UNIT i - 



ORCHA.RD SOILS 



A. A DECFINITION 



To define a good or adequate soil fbr orchard pto^duction is to say 
that a given plot or area of land must possess the following qualities 



i. A deep and well aerated soil with good drainage. 

2: : Adequate nutrients for optimum tree growth and high yields. 

>. Good water holding capacity - the abilrtv to store and feed the 
fruit tree with an abundant supply of water. 



SQjJ^-C l-^SSIF ICATIQN 

Productive .soils contain at least 5e percent pore space, which is 
nuide up of air and water in varying prbpbrtidns. 

The composition of a soil is solely dependent upon the environment 
in which ii; has or is being formed. One type of soil is known as residual. 
In this, parent materials are derived from rocks that contain quartz, 
-ilicates sn<.h as feldrpa -s. iron oxides, carbonates, and phosphate. In 
areas of the v/orid ner ^ there is a heavy rainfall, rnany of the basic 
element s (calcium, magnesium, sodium, and potassium) in the parent 
material are 'leached away. These soils are usually acid. Where rainfall 
is lower, the parent materials are not leache^l as rnuch and the soil is 
either neutral or alkaline. 

Other types of soil may be formed from glacial deposits, or from 
v/hat is known as wind-blown soils. 

Orchard soils may have been derived from any of thei e sources. 
What is important co remember is that there is no one single orchard soil 
type that is particularly suitable for all heeds. Reconunended soil types 
xvill be explained later in this manual for certain fruit arid riut crops. One 
should remember that soil types can cause great differencee iri yield. . A 
good roii for farm crops may not necessarily be the best one for orcHaro 
cultivation. Likewise, other soils possessing good physical qualities but 
lov/er In rviij le.it-s may be found suitable for apple trees, ^hexe are rnariy 
variables 



In rny.sdil, there are. three very important characteristics which 
one should learn. They are^referred to as the texture, structure and 
density of the soil; 

Soil textur e refers to the prbportibn of clay, silt, and sand partial 
in a given volume of soih (Figure 1. 5 Since this aspect of soil properties 
is set by nature, man cannot change the texture of a soil, as he is able to 
do with the structure, which is explained later. Soil particles which 
exceed 2 mm are classified as gravel; Sand particles are the next largest 
(Z. 00 mm -0.05 mm) in size. Sand has a gritty feeling when rubbed m 
the hand. Silt particles (0.05 mm - 0.002 mm) have a velvet^Hke feeling 
to the hand while clay (less than 0. 002 mm) is the smallest size fraction 
and has a rticKV feeling when moistened in the hand. Also, in most soils 
there a^ e smaii portions of organic m?,terial. 




PERCENT SAND 



SOIL TEXTURE TRIANGLE 

FIGURE I 
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A soil texture classiried as a "loam" consists of 28-50 percent 
silt, 2b-52 percent sand, ^ind 7. 5-27. 5 p,crcc3ni clay. A soil containing 
equal amounts of the three separates is a, "clay loam"; 



Various textiires are indicated in Figure 1 and are grouped into 
three ;^enerai categories; harnely, coarse textured soils, medium textured 
soils, and fine textured soils. 



c:oarse textured soils.: sands, loarriy saiids, arid sandy loams 
^4<!diani textured soils: loams and silt loams 

FiUQ textured soils: clay loams, silty clay ioarrts, and clays 



The fine textur.-cl or clay so^l:- are known as heavy soils, and the coarse 
textured soils iire knov/n r,s light soils. 

Soil texture has a large influence on the amount of water that can ^ 
ho. stored in soils for. picvr.t use and the rate at which water moves through 
the soil. 

Soil structure is a terna used to describe the arfangemerit of. the 
soil particles into conglomerates of many sizes. A point to remember is 
that a -oil which is v. ell-aggregated and falls apart or cruinbles easily is 
generally desirable for orchards. This type of structure allows for good 
-water penetration, soil aeration, and good drainage. As is not the case 
with soil texture, the structure may be enhanced by growing cover crops 
and adding organic matter such as cow manure. 




SOILS MADE UP 0F_ PARTICLES LARGELY OF ONE SIZE WILL 
READILY ADMIT AIR AND WATER AND WILL RESIST PUDDLING. 



SOILS CONTAINING PARTICLES OF VARYING SjZES WILL BE 
COMPACTED BY TILLAGE AND WATER PENETRATION LESSENED. 




DESIRABLE VERSUS PUDDLED SOIL 



FIGURE 2 
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if a soil is High in clay content, wet, and compacted by wxM-king 
implements or animals, tHe pore space will be reduced considerably, 
thus creating a "puddled" soil; (Figure 2.) This tyTv> Of , soil is not 
desirable in orchards arid should be avoided; 

Soil density refers to both "particle density" and "bulk density"; 

"Particle density" takes into consideration only the solid particles 
of the soil and not the pore space. it can be defined as weight per unit 
volume of soil particles and is usually expressed in grams per cubic 
centimeter. 

"Bulk density" considers both the solid particles and the pore 
space of the Soil. Therefore, it is variable due to different -olumes of 
pore space existing in a soil. 

Both types of densities serve to determine the pbrcsity of soil or 
."pore space" according to this formula: 

PS = 100 - ( -^B£> X 100) 
' PD 

PS - pore space in percent 
• ^ BD = bulk density 

PD = particle density 

The importance of the pore space percentage of a soil dete-mines 
the amount of u-ater the soil can hold. 



C. SOIL FERTILITY 

Soil fertility refers to the n,utrient supplying properties of the soil. 
Treec, like any other living thing, need food if they are to live and grow. 
If t-hey are well fed, they will generally grow faster, stronger, and, 
Ihorcfore, be- somewhat resistant to insects and diseases and will usually 
give a good yield. If they are poorly fed, they will grow slOwly, become 
weak or generally susceptible to insects and diseases, and produce low 
yield: 



is. 



There a?e sixteen elernerits which are essential for normal fruit 
tree growth and development. These are: carbon, hydrogen, oxygen, 
iron, manganese, copper, 'nitrogen, phosphorous, potassium, zinc, boron, 
molybdenum, calcium, magnesium', sulphur, and chlorine. Carbon, 
hydrogen and oxygen are usually obtained by trees" frdrn water and air; 
Nitrogen, phosphorous and potassium are called primary food elements. 
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iSaiciuni, magnesium and sulpKur are called secbridary f ood eleme nts . 
Bdrdri, manganese, copper, zinc, iron, molybdenuirii arid chlorine are 
called micrbnutrients , or elements needed in very microscopic amounts. 

Carbon - This comes from carbon dioxide of the air. It furictibris 
in the plant or tree helping tb build cell walls. It is a component 
of plant and tree sugars, a part of the structure of color, arid even 
an element in the fragrance of ffuit tree blossoms. 

Hydrogen - One of the two elements composing water. This elernerit 
is essential in the fruit tree with carbbn and oxygen. It is used in 
the plant ceii in the manufacture of simple sugars and starches. 

Ox ygen - One atom of this element combined with t-wb atoms of 
hydrogen forms water: Oxygen also combines with other elements 
to form oxides ahrl complex organic compounds. 

Primary food elements : 

Nitrogp^n - Nitrogen is the essential element for building growth 
materials in the tree, it promotes vegetative growth and gives 
trees a healthy, green color. It improves fruit set and overall 
fruit quality. 

Phosphorous - Phosphorous is essential to all tree growth and is 
an active ingredient of protoplasm. It stimulates early growth 
and root formations, hastens maturity, promotes seed productibn 
and iruit development, gives stability to the stc-r., and contributes 
to the gonery;! hardiness of trees. 



Pota ssium - Potassium enhances the trise's ability to resist disease, 
cold, and othe'r adverse conditions. It also prbrnbtes gbbd growth, 
blossoming, and fruit set. 

Se condary fcM pd eleme nts- : 

Calcium - Calcium is believed to help in the tf anslocation of 
carbohydrates in the fruit tree, it is cons ide red essential tb healthy- 
cell walls and aids in the development of root strxictxire, Calciir^Ti 
is the active element in liming materials used tb cbrrect soil 
acidity and it also occurs in gypsum which is used in the treatrnent 
of saline and alkali soils. 

Magnesium - Magnesitim is an essential ingredient of chlorophyll 
arid aids in the trarislocatibri bf starch within the frxiit tree. 

Sulphur - Sulphur is associated with plant protein. It also aids in 
the synthesis of oils. 

-5- 
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Micrbriutricritel^monts : 



Bnr-gn - Bo?on is associated with calcium utilizatidh within the 

"plant Whenever the proportion of calcium to boron becomes 

unbalanced because of a deficiency of boron, the terminal part of 
the tree fails to develop properly. The amount of boron required 
by trees is usually small. 



Coppe-^ - Copper is an activator or catalyst of other elements^ 
within the plant. It seems to promote the formation of Vitamin A 
and appears to have a regulating fuuction if soil nitrogen is too 
hiiih. An excess of copper is very toxic. 



Irr^ - Iron is essential for the fornnation of chlorophyll. Iron 
apparently enters into the oxidation proces ses which release 
energy from sugars and starCheS. 

Manganese - Manganese is closely associated with copper and zinc 
and also acts as a catalyst in plant growth processes. 

Molybde num - Molybdenum is associated with nitrogen utilization; 
Very small amounts are needed. 

ZAxLC - Zinc IS apparently linked with iron and manganese in the 
formation of chlorophyll and fruit bud formation. 

Chlorine - Chlorine is the latest element established essential 
fb- plant «rOu-th; it is believed to stimulate the activity of some 
enzv-mes and to influence carbohydrate nne tabolism or the produc- 
tion of chlorophyll and the water -holding capacity of growth tissue. 



We spealc of food elements removed from the soil by fruit trees. 
The three elements -- nitrogen, phosphorous, and potassium -- which 
have been termed primary elements are also called the fertilizer elements 
are indicated the symbols N, P, and K. Thus, a fertiUzer is termed 
a complete fertilizer when it has these three elements -- N, P, and -- 
in its formuli. These three elements are all needed by fruit trees m 
substantial quantities. Each must be furnished to the tree from supplies 
in the soil 0*r added to t>e soil by manures or chemical fertilizer s. The 
so-called micronutrieni elements are needed by fruit trees xn comparatively 
small amounts and are usually present in soils in quantitie^s sufficient to 
meet the needs of the tree. This is not invariably so but these nine 
elements are much more rarely deficient than are the three fertilizer 
elements - nitrogen, phosphor bus , and potas slum --J^ose^l^^k ofte^ 
limits fruit tree production. It is with these elements that the or chard 
manaier- is most often cbncerned.; it is generally the quantities of these 
three elements in the soil which determine its fertility. 



The needs of different fruit trees for these elements vary^ One tree- 
may require miuchmdre nitrogen, another may rec^jire more phosphate. 
Generally speaking, the higher the yield of a fruit tree crop, the greater 
the dorriarid for all the necessary elehients. 

Deficiencies apparent with the three p - imary element s may be over- 
come with the addition of commercial fe rtilize rs. AUhough fertilize rs will 
be explained later in this manual, it is well to include in this section the 
subject of cover crops dae to its direct relation to soil fertility: 



A cover crop is termed as any viable crop, including weeds, grown 
between the trees and plowed under in an orchards The purpose of growing 
a cover crop is to add organic matter to the orchard soil to p rovide additional 
nitrogen and maintain good soil structure^ A cover crop aids in water 
penetration into the s(Ul, and to some extent guards against "puddling" by 
the activity of its root system. This is particularly true In tropical wet 



areas. 



"Paddling" would be reduced because the'cover crop would help 
considerably in "breaking" the force of heavy rains against the soil, thas 
compaction of the soil would not be such a problem- 
Even though there are many advantages of growing cover crops, 
they can also cause damage in certain areas of the w^orld. In r e gions whe r e 
there is low rainfall, the trees need all the available moisture for growth. 
A cover crop in this area would compete with the trees themselves for the 
available mosture; thus, a cover crop would not he reconimended. 



C-(jve r c rop 
the v/orlcl are: 



s recommended for use according to various areas of 



1. Cold climates - red clover, mustard, common weeds of the 
area and field peas. 

Z. Warm climates - cereal grasses, such as rye and barley, 
field peas, certain varieties of mustard (according to the 
area), and cowpeas. Also orchardgrass and sudangrass. 



D. SOIL AMD-WATER RELATIONSHIPS 
Ay^^Table Moisture for Growth Processes 

Water may be classified as unavailable, available, and gravitational 
or superfluous. If water is applied to a soil until all of the p55r space Is 
filled, the soil is said to be " saturated ". About one-half of this moisture 
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will be lost due to the pull of gravity: Usually this gravitational _wate r has 
drained away within about Z4 hours following applicatidn. Except for 
rather slight losses due to evaporation from the soil surface and cdntinuing 
drainage due to gravity, this soil moisture remaining indicates the " field 
capacity " of that soil. (Figure 3.) 



In practice, field capacity is usually determined two days after an 
irrigation. A soil will come to field capacity more quickly when ail active 
crop is growing than when there are no roots removing water from the soil. 

Field capacity can be rheasured by determining moisture content of 
soil after irrigation sufficiently heavy enough to ensure thorough wetting 
of the soil. Observing the decrease in moisture by making moisture 
determinations at different times after irrigation is valuable in understanding 
and properly interpreting the field capacity characteristics of a soil. 

If there are plants or trees growing on the soil, the rhoisture level 
continues to drop until the " perrnarierit wilting-4>cimt " (p. w. p. j is reached. 
Soil moisture content near the wilting point is not readily available to the 
trc^. Hence, the term " readily available raoisture" has been used to refer 
to that portion of the available moisture that is most easily extracted by 
the tree, approximately 75 percent of the available moisture. After this 
point, the tree is unable to absorb water from the soil quickly enough to 
replace water lost by transpiration. 




SATURATED Spj^L.. 
UNSAT!SFACTORY_ 
FOR ROOT GROWTH 




SOIL .AT FIELD CAPACITY • 
LARGE AMOUNTS OF 
WATER BUT ENOUGH 
OXYGEN FOR GROWTH 




DRY soil: ONLY 
H YGROSCQP iC . AN D L I T t L E 
CAPILLARY WATER L£_F_T- 
TOO DRY FOR ROOT GROWTH 



MOISTURE AVAILABILITY 
FIGURE 3 

The soil moisture content when plants permanently wilt is called 
the permanent wilting point or the wilting coefficient. The permanent 
wilting point is at the lower end of the available moisture range. Tree 
leaves will wilt when they are rid longer able to extract Sufficient moisture 
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from the soil to meet their needs: Wilting depends upon the rate of water 
used by the tree, the depth of the root zbile, arid the watier holding capacity 
of the soil; Tree grov/th should usually hot be retarded by lack of available 
soil moisture. The practice of withholding irrigation until the fruit tree 
definitely shows a heed for water is likely to retard growth. It is essential 
to maintain readily available water in the soil if fruit trees are to rriake 
satisfactory growth. 

- W at e r T i pLak^ . — Ti:/. TjEie_e_s 

V\ aU-i- is iinp(;rtant for tree and plant growth because it assists in 
absu r pli'.'ii of niineral nutrients and is in itself necessary for growth. 

Water is t.akei! rii through the root system by the process of osmosis 
(dif fusion pressure dei'if.Ll) and likewise is mainly lost through its leaves 
by ih-ij }>r(jcess of transpiration. 

Osmosis meani^ th»: mo^-cme^it of a liquid (water) through a semi- 
pernieabie membrane [root) from an area of high concentration (outside of 
root) to oi'ic of lesser concent rat icui (interior of root membrane). Since the 
pressure is greater on the outside than the inside of the root system, \vater 
: : \ wii/ 1 . ■ s "pu'ijui' against tile rtjoL, thuis (Titerinj;; the root because of less 
inside f^r t.^ s sU r c . I'he water entering tlie root is entirely pure and does not 
.niaia any ':)Lhur dissolved materials in it. 

1 raris pi rat! or. meaiis the evaporation of moistiire f-om plant surfaces 
jr leaves. Plant or ireu leaves may contain as high as SO percent rhbisture 
rt intent. f'his 'n<:'Ji p<^-M' c e nta g e is necessary because water is constantly be- 
in^ htst by evapf) ratio n froni the cells in the leaves. Trees do lose water 
thr'^/Ugli parts other than leaves, but it is minimal in comparison. Loss of 
v/ater from the leaves takes place in the "stomata" tiny "stomates" or 
stru'jtMrt'S found on the underside of leaves. These stomates open and close 

.-'/r;l:ng tw iVn- amount of light intensity. When there is no sunlight, the 
s V. j:p;at t- s ch)se a rid there is very _i*tle transpiration loss, in a leaf cell, a 
:.i.r-.ate folhiws a passage v^^hich le. ds to a stib- stdmatal air chamber. The 

- a: spongy tissue surrounding the air chamber is bathed in water which 
absorbs tiie carbon dioxide from the air trapped in the air chamber. Since 
the soft spongy tissue is cdiiotaritly evaporating water into the air chamber, 
there is a movement of water vapor into the outer atmosphere by diffusion 
through the stomata, thus, transpiration occurs. 

The quantity of water lost is great. There are a number of external 
factors which greatly influence tiie rate of transpiration such as: 

i: i.ow huniidity - causes faster transpiration 

. High temperature - causes faster trans pi ration 

; -9" 
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Cool humid wind - causes slower transpiration 



4. Hot humid wind - causes faster transpiration 

In practical terrns, transpiration loss means that one should always 
make sure there is a good balance of available water to the root sy stern in 
"relation to the environment so as riot to allow a cdritiriual deficit to occur 
and thereby retard growth, fruit set, etc. If there is a high transpiration 
rate occurring, the deficit is corrected by drawing water from other parts 
of the tree and finally reaching to the bottom of the root system. If the 
root system depletes all of the available water supply, then the tree will 
wilt and eventually die unless water is restored to the soil. 

Irrigation of Orchards 

The purpose of irrigation is to keep the soil supplied with readily 
available moisture. There are three principal irrigation methods used 
for orchard trees. They are referred to as furrow, basin, arid sprinkler 
ir r igatibri. 

The furrow method (Figures 4, 5, and 6) is good as long as the 
slope of the land arid the size of the water stream are such that erosion 
does not occur. The furrows should be constructed so that they are close 
enough together allowing the wetted areas to meet and to hold water long 
enough to allow perietration into the soil to the desired depth. 

The b^£^in method (Figure 7) or rectangular checks refers to levees 
constructed around an Individual tree or trees in the orchard. This method 
allows for application of water over the entire soil surface of the orchard, 
but may require more labor in its initial construction in cbrriparisori to 
furrows . 

The sprinkler method (Figure (\) is ideal for sloping, rolling or 
steep orchards. This method rieeds no leveling and usually gives a 
uniform \A'atering of the soil. 

However, due to high irivestmerit and maintenance costs it may be 
found to be prohibitive in certain developing countries, altl'ibugh a few 
systems are iri use in these areas where agricultural development is taking 
place. 

Ail three methods may be used and will give satisfactory results. 
Due ho cost differences, the first two will probably fit the needs of a 
developing country more so than the third method. 
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STRAIGHT FURROWS 
FIGURE 4 




CONTOUR FURROWS 
FIGURE 5 
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SPRiNKLERS 

FIGURE 8 



.■;.i;:urJ. of time needed to adequately irrigate an orchard would 
'..D :ri^iiy frit:tors such as soil types, rainfall, availability of water, 

tf i i ' py - r. 1 ti : re , o U- . 

Obviously, trees wilx require rhbre water during the growing season 
rhie tn leal tor mat ion, flowering and fruit set. An easy rule o£ thumb to 
f'.'iiow in Judging v/ater needs is to observe the broad -leafed Weeds which 
.nay be ru* o5t.nl in an orchard. Since this type of weed is geiie rally deep- 
rov"/t:.:d, any sign of wilting would mean that water needs to be restored to 
liiL*. iyCM\ di^ uhe tree roots would also be in need of water. The point: to 
rerneial)er is Sever to let the orchard reach a severe wilting point stage. 

Adequate drainage has already been stressed as essential for fruit 
tree growth because without it, available pore space in the soil would be 
saturated and there would be restricted root growth due to lack of oxygen. 

Cultivation of orchards is irnpbrtant because it helps to control 
noxious weecls: Eradication of weeds is impossible but control is possible. 
By cbntrbllihg weeds through cultivation practices, several useful purposes 

are served: 



-13- 



ERIC 



1. 

2. 



Allows for easier irrrgation, harvesting and spraying 
Helps prepare soil for a cover crop (other thaii weeds) 



3. Helps control certain pests and iiisects 



If weeds are used as a cover crop, especiaiiy dur mg the growing 
sea.son, they may become serious competitors with the trees for moisture 
and natr Lents. This competition can be removed through cultivation. 

c:ultivation will also allow for ease in irrigation by allowing "cleaner" 
construction of furrows br basin rectangular squares. 

rhrougii c-Uivation a sometimes viable environment or "home" for 
insects may be destroyed. 

Contrary to conmiun belief, cultivation does not conserve niolsture. 
It may allow for greater water penetration into the soil, but this is of a 
temporary nature. 

E. SOIL AND PLANT ( TREg^E LATieNSHlPS 



i a c t cj r 



in .vheniistry, reaction of solutions is usuaJiy stated in terms of 
pii which is an o:-:pi-ession of active acidity or alkalinity. A pH of 7; 6 is 
known <^.s a m;atral soil. When a pH exceeding 7. 0 occurs, then we have 
what I. known as an alkaline soil. A pH which is lower than 7: 0 approaches 
a. idi:. , or acid soil. Deciduous fruit trees, those which shed their leaves 
durinp 'dormancy, can tolerate Wide ranges of the pH spectrum^ There will 
be little attempt to recommend proper pH ranges for various fruit trees 
dvic CO .^;o many variables. It is important to r einember Jhat some frmt 
Lt ees cannot tolerate certain acid soils and, iikev/ise, alkaline soils. It 
is also important to remember that the pH of a soil can be altered by the 
addition of commercial fertilizers making it more suitable for root 
development. For example, to lower the pH, one may add ammonium 
sulfate (source of nitrogen); This may benefit trees which require a 
slightly more acid soil. To make soils more alkaline in nature, sodium 
nitrate, lime or calcium nitrate rnay be added. 
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-SOIL. ORGAN IS MS 



Organic matter by itself would be useless in the soil without billion 
of tiny soil organisms breaking it down into humuS and then into simpler 
products utilized by plants and trees. Of all organisms present in the soil, 
bacteria makes up 90 percent of the total. 
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OruAiiisilis iounci in soil are either classified as plants cr animals. 
Svnne are so small only a micrbscbpe can bring them into view. Others 
a.-e nui :h larger and better known to the average person, such as the 
earth\vb.-n. Also, some organisms are beneficial to the soil and , the rcf d r< 
the pjant or tree, while others do great h?-rn. On the whole, there is 
nioi-.i benefit than harm derived f-orn soil organism activity. Some of 
these beritifUs a-e found in the dL composicion of organic matter and making 
nitropeii more readily availab'e to the roots. Sbrne of the harmful aspects 
nichrio tliosi- which ca 'se plant diseases and those which compete fbr 
avaiiabK' nut. r 1 s with the plant itself. 

■j'lu^ cu-tiviii. e of sbil brganisms are regulated by such factors as 
teiT^pc-ratur.-, acicii. , or alkalinity of the soil, moisture, light^ and organic 
n la { 1 ' • 1" . 

For purpo-.-:-^; ..T .:hard rx^'.anagement, several cbrnmbri sbil 
organisms worthy o montloii are: 

i^avulor UL - sin;^ic -ce] 'ed plants 

. _ r- 

r' iiTtT - vo;a-sls, :\-]olds aiid niu.^hronms, considered to be a plant 



Al^av' - rviiv :-osco[)ic plants; found in surface layers of soil 

i^fohu^'Oa - .:bnsidercd to be an animal of the simplest. form, larger 
tiiari bac ^:ria, but still rnicrbscbpic in size. 



^ ; ^ " aiiiiiuils and wormiikc m appearand 

I':..MvU--vcu:ra-^^- ■ animals and known the comnnbh earthworm 

Ot tu.' six organisms meritibned, nematodes cause the worst damage 
o i-: Is. !-'l.s bijccjus^' they infest the root system and cause injury. Swellings 



' lihl^^ n i.LZERS 

ALthough stress has been placed on understanding the sbil as an 

iiviportant factor in achieving rnaximum production, it is important to 

understand nutric'iit deficiencies in sbils, and the best way to correct them; 

Mot all soilr. ^rc deficient in essential elements. Some lack only 
a few of the elements. Other soils have been fbrtunate in having a high 
percentage bl b£^a^4i. matter present due to cover crops and animal 
manure, which has been broken down by soil brganism activity; 
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Fruit Ireeb, like most plc.nts, begin to deplete the soil of its 
essential elements, partic ulr. rlv nitrogen, phbsphbrdus, and potassium 
tlirdugh sustained growth. To repleni^^h the soil, inorganic or commercial 
Icrtili^'^rs are most commonly applied to n^aintciin growth and production. 
Obviousiv, the need arises in determining what deficiencies exist. There 
is n..> faulprobi method of determining these factors; howcve.', thei-e are 
four melhods used in orchard m^inagemerit that assist in implementing a 
fertilizei- prog -am. 

' yiL^£li^i22£ " -^'^>^-t ^v.'dely used method in detectin.^ nutrient 
cir i Lcicnc iut. . o . :e of the se ^ytriptonis :nay iaciude pa>e gree^i J.aaves, slow 
or v/r^k growuh, r.bnornaai leaf size, no flower bud fdrrnation, dropping of 
lio^A'Ofi^ :n- truitt^, poor fruit color, etc. This method is-very pr-^.crical when 
cicte r rnin;r.i' cic.- 1 le '.e 5 fOr each jlcrnerit be discussed late^l,^ 

L^rchr,^*d -jIov tri^i^i-S - Arter a soij analysis has beeh^talcen anri -"^ - 

deficiencies^ arc .vopareni, it may be de: irable to try several fertilizer 
triaU. on a limited area of Uv- )'/chard. It should be done carefully and over 
several s^:^xsdris of duration in order to determine whether the addition of 
nitrogerj, phosphorous, polat:. -.ir., etc. , in various a-iouhts has increased 
yie^ld and done so profitably. Tins method 'may prove too costly in a 
do^.v-loping nai =on for the ave^^age farmer. However, research centers and 
c' r i c u ttu r un i: v r it i e s may : i nd it a s e f ul . 

anaU'sis - Tins method is mentiono^l ber-ause arialyzing a soil 
Lor civaiKu)]-;- m. ^r^ent ccgfitent is an accepted practic- w^ i:]c:wide and proper 
fac. liri':--^ . ih(-iui ef^ . , are available in i :to s opi ng countrie s to 

cuT.du -r d . =1 ..r analysis. Howeve^, unless the so^i sa;-v,:i(j taken for an 
analvr^ic^ ;^ iroiii ci-^ ;^enerai a^^ea of the dv^ep root systemi and representative 
(^1 vm- aj-.-a, the r.^^ulis v/ill be close t:^ v/oiihiesf the reason being that 
-uil above :>r below tht. general root zone bl the orchard tree may possibly 
hive ciii e:airn\ly di'^ferent soil structure cc->-taining different amounts of 

M' lai ch-n-ent^ and may not be avail able to the tree roots at these 
''cv'ou^ (^jptlus. Where soil ana.y.' :^ alone has been fourid to be a good 
f-iic:tao:l in det jrinining fertilizer needs for plant growth, or chard manage-^ 
; j.-ni has nor. fbuuri this tn be true. There are too many' variables with the 
man/ frviit trees, particularlv due to varying depths of the root system. If 
used in orchard iTianagenic t, it snould be done in additiibn to tree syirLptbrns 
to give an overall asses roc nt of fertilizer needs. ^ 

f .ea^f-ana lysi^ " This method is the newest fornra in determining 
rerHli?,er needs, li ii mentioned only; because of its latest developments 
since leavtjs them5el\-^s, more than any part of the'tree, require the 
essential elements for growth. ITnder examination of the leaf cells, ^ one 
can deteriTiine if they are receiving enOu_gh of any one element. Although 
lius uu thcKl i^J vc:ry scientific in approach, inexpensive methods are being 
adopted for drchar^^hianugement in several parts of the world. 



What does all this mearuiiL terms of a practical approach of -d eter- 
r,aum*^i51±iiilirnecds for fruit trees ? Use the tree symptom method. By 



iTnowirig what deficiencies of the essential elements will show to the naked 
eye. fertilizer recommendations can be made; to do this, a complete 
fectiiUer must be considered. As stated earlier, a complete fertilizer 
consists of nitrogen, phbsphdrous, and potassiuxri. This is the form in ^ 
which commercial fertilizers are usually sold and in varying amounts of 
each. Usucin-v, these fertilizers will contain smiall amounts of the micro- 
nuti-Lents {,\ni. copper, etc.), but not readily available to the trees. 

ii.- t important element as a fertilizer for trees and^^ 

UiTr'eftil'e. rccci.H-^:. 'he ofeatest attention bv orchard growers. Although 
it L~ v.-.ilar.l.. I. J :he trees through oiganic matter, inorganic types 

i<vo vsc.i moi-.- -: ;.i,;-v because of ease of application and a higher percentage 
t.,i total N U:itro-.,'P.i ■ =..K.iblfi in most fertilizers. Nitrogen deficiencies 
are liTclicated by pal-,-, lU.wiah = gr een leaves in early to mid-summer; 
shoi t ■/eKetative .sl.o.r s, -a. .laliy small m diamieter; heavy bloom with a 
los.s of bloom. ;:n:l r ^rf-ilts in a poor crop by small fruit maturing 
ri- and drooping froia treei ' oo early. When nitrogen is supplied, the 
£--,:, J.,.. ;.i.oas.- v ,11 l.c an i n- . - ov eir.ent in leaf color and better growth; 

r^. ■ . . ..on or tv. o r u i I u«-'. !oj.n-,eni =nould have occurred and more 
prod,;. V, on re^obod. This time cycU^ i.iav last for four to five years, after 
v.iii.o c.i.,otu<-i appiioatiori -.vill have to be made. 
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f application of nitrogen indeed difficult to place on _ 
t niust be based on snch factors as tree condition, kind 
■ -vater supply, soil condition, otc. I'or example, 
. ... 1 oiit-sily quite fertile, could grov. vveii showing no 

. to ^-.o but alter several years of beariiu? fruit, deficiencies 
Iho supply of nitrogen in a li-ht soil is limited, and becomes 
■ K.iric.r tiian on a heavier soil. 

y.,oK-'[-al, troos with a weak growth because of lack of nitrogen 
uo .o bo' to 100 pounds of actual nitrogen per acre -- 300 to 500 
ammoiuurn sulfate, or 360 to 606 pounds of calcium nitrate per 
iiiui;.r rates are not necessary and not profitable. Most fruit trees 
o->- considerably less to bring them to full pr oduction. The 
..,1 should be made in early spring and no more than once a year. 



Hhosphoi-ous dopietion is usually from one^eiglTth to one-tenth the 
.r.^ount oTnitrogelTon the same land and from the same trees. Phosphorous 
is important to trees and its deficiencies are similar in nature to those 
of nitrogen. Rednred growth is one symptom. To distinguish phosphorous 
.lo.H i.Mic v .vmptorns from nitrogen deficiency symptoms, darker green 
loavos than no,,-niai may appear in early to mid-suma^er as contrasted to 
U«bt greon Leaves with a nitrogen deficiency. In late summer and fall, 
tlu- b ,o, o. MO.V turn to a bronze or purplish-red color, in contrast to light 
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>RiNCIi'Ai. IJMMERClAi- SOUlUUi:^ j.nCTQGEN FD R ORCHARDS 



Compouhd Percent 
.. Formula Nitrogen 



Anhvdrous 
Ainmonia 



82.0 



Ammonia NH4OH Usually 

Solation 20.0 



Ammonium 
Sulfate 



Ammonium 
Nitrate 



4 3 



Phosphate 

Calcium ' 
Nitrate. 



37 



■26 
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33.0 



16.0 



Ammonium Phos- 
phate Sulfate 
(16-20) Mixture 



Ammonium NH^H^PO^ 11.0 



15.5 



High nitrogen percentage; ease 
of application; rib residue; little 
danger of leaching. 



Easier to handle than atiliy- 
drous; no residue, 

Acid residue (for alkaline 
soils); little danger of loss by 
leaching; ease of handling. 

High N percentage; no residue. 
Half immediately available, 
half delayed. 

Same as ammonium sulfate. 
Carries phosphate if needed 
for cover crop. 



High phosphate content where 
needed for cover crops. 

Calcium residue (for acid or 
high sodium soils). Immediate 
avaiiabiiity; 



D isadvantages^- 



a) Irrigation water; iiiieven 
distribation if irrigation 
system riot adapted to its use. 
Cannot be used with sprinklers. 

b) Dry injection; some loss if 
ground is trashy or cloddy. 

Same as for anhydrous. 



Acid residue (for very acid 
soils). Delayed availability 
during nitrification. 



Same as ammonium sulfate. 



Low N percentage. 



May be leached. 
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('oiiipo::i.,: Percent 

NAiMK Kurniui:: Xitrogei. ■ — Mmt Hz^^ Bisadvantages'!- 



Ureii NH;,CbNIU -i- H'gi' porcentage: is not May be toxic in high cdri- 

fixod if irrigated at oiice ceiltratiDns; 
b('iorc conversion to ammo- 
nium carbonate; No residue; 

Sodium NaNO^ if'); 6 Alluiine residue (for acid Sodium residue undesirable 
Nitrate soils), Iniffiediate avail- on high sodium soils; May- 
ability, be leached. 

Calcium CaCN^ 24.0 Allvaline residue (for acid Danger of burning, especially 

Cyanamidc soils). Calcium residue, at high rates or in growing 

season. 



"There is no serious trouble with the physical properties of any of these materials unless they are 
stored too long or under poor conditions. 
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red or pink leaves in nitrogen deficient trees. Phosphorous may be applied 
to the soil in the form of arhmbriium phosphate, or it may be applied in the 
form of superphosphate: The first is added at the same time as nitrogen 
and the second is applied wheil a cover crop is planted at the rate of 50 to 
106 pounds per acre. 

Po tassium depletion niay amount to about 20 to 35 pounds per acre 
per yearT Deficiency symptoms may be apparent in leaf injur y whe r eby 
there will be a scorching along the midrib or main veins during early to 
nricUsainriurr. Some species of fruit trees will drop all of their bios soms or 
young fr\uL in late fall, some of the growth shoots may die back. 

Response to potassium fertilization can be slow in comparison to 
nil;rogcn and phosphr.rous applications. However, there is no question of 
the value of potass iuni for tree growth. This can always be substantiated 
by taking a lep.f anab/sio; 

Fcl general purposes, potassium is usually applied in the form 
of potassium sulphate or potassium chloride (muriate of potash). Both 
contain abo\at the same ctmoimt of potassium available for tree use. In 
most soils, no more than 400 to 500 pounds per acre of either form will 
be necessary. 

Other important elements neces sary for fruit t rees Although 
there are other elements necessary for good tree growth, flower set, and 
t'ruil formation, only those of greatest importance \viil be listed in detail. 
C'eru:iin fertilizer re.jtn^jmendations and application .vi-thdds lor each 
i;;ionic:nt are- uivcm as well a.s some deficiency symptoixis. 

boron: deficieJicy symptoms include death of terminal buds ; scorch- 
u:g oi ]t'¥j~tTps; reduced fruit set. In apples and pears, the fruits' flesh 
may bc;conie hard, brown and corky. Defdrrred fruit will occur: 

A ^.>i<rce of boron is from borax (sodium borate) and can be applied 
i: t the' rate of 3D to 50 pounds per acre during the spring and fall: it should 
Uo broadc:ast on top of the soil, directly under the trees. 

Molybdenum deficiencies sdrnetinne s are serious with citrus trees 
causing "yellow spots" between veins on older leaves in the summer. On 
some trees, all leaves may fall. Sodium molybdate at 0. 1 ounce per tree 
in spray form should help in correcting this type of deficiency. 

Manganese deficiencies may be seen as yellowing occurring in 
areas between veins of leaves. In some cases, the areas die and leaves 
fall prematurely. Unlike some elements, this deficiency may not prevent 
fruit s.. t and normal development. Loss in yield would come from less 
total bearing surface of the tree. 
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riiis typo of deficiency may bo corrected by spraying a mixture of 
I o 8 pounds riiahganbus sulfate and 5 pounds lime arid a spreader per 
iud gailoris of spray: This mixture should be sprayed in late spring or early 
suiuriU-T. Brbadcastihg is iidt satisfactory because the chemical is fLxe=d 
(not av^ailablu lor growth) in most soils. 

:\la^iU!S ium deficiencies are much the same as for pdtassiujrn. Dis- 
coKirt'ii )i oh(i may appear on leaves in mid-summer. Replenishment can 
bo inacU', Ij\ applying magnesium sulfate (epsom salts) or dolomitic limestone 
ciiriM tly to tin: at the rate of 10 to 40 pounds per tree. 

y.iii^ deticuMicy symptoms iriclude yellow streaks in the leaves 
btrl ..rcn t.h'-- voius; narrow, undersized and stiff leaves in the spring are 
alHo a ^j-mkI i ii<ii L-atiOn. This disease is called 'Tittle leaf". 

i'fi o\'«:- r conie ::in(. Je fic i-a iic i e s , use zinc sulfate by spraying at the 
•ir (ji 50 f^oiHids pri' i 0() gallons of water. Application should be made 
ri:rt-oi]y to tlio soil for ov/eot chorry and walnut trees. Both applications 
oiio):id bo dojiO during dormant seascai or in early spring C'r fall. Caution: 
f!noc-r . r-riain o onditi ons , uarly spring or tall applications may cause 
' ! r i:>p 1 n 14 ol l.i.;avos. 

rt;quircd much more than zinc or copper in tree growth, 
dorophyll formation. Lack of iron causes yellowing of leaves 
) ri.n<i sor}iotimes a complete loss of green color: Iron is not 
. :iv r. ^'oi', but may be rriade unavailable dxi:-. to ail excess of 

= a'lv replenish irbri to the fruit tree, it is best to drill 

lj u.!;- of the tree and apply ferric citrate powder in the holes 
tc ;.u\e -- t'-.Mith ounce per hole in large trees and one- twentieth 
;■ ii.'d'^A m .^mailer trees. 

t.^.iOc :iof i^Teuries are not too common, but when they occur, it 
. - iliy i: tiv' rnid-sumrner seasbri wheri the leaves become brown at 
i i: ^. iiiany fail from the tree: Copper deficient trees may ultimately 

:• - . *.rne dv/arfed in appearance. The safest method of adding copper to the 
[ rttio IS ivy applying copper sulfate in a trench about four to eight feet ffdm 
the trco at ^he rate of 5 to 2.6 pounds per tree. 

Other elem.ents necessary for the growth, etc., are sulphur, chlorine, 

sodiuni, au'l calci'^m. 

Unless c^therwise stated, there are five principle methods of applying 
the essential elements to fruit trees for best results. The practicality of 
each iiiethod is determined by the element in question and by what objectives 
are being sought in a fertilizer program. 
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1. S-preading of fertilizer aroiirid the tree ^ TKis method is 
desirable in applying a narrow band of fertilizer in a circular 
direction reaching out to most of the root system through the 
"leaching down'' of the elements to a small percentage of the 
roots. A fairly concentrated fertilizer would be required with 
this method. 

2. Fertili zing deep into the soil - This system is good if certain 
elements are found to be unavailable to the tree. By digging 
several deep holes around and near the root system, and 
filling the hole.- with fertilizer, at least some of the elements 
would become availabL^ to the roots. This is particularly true 
with potassium and phosphorous. Nitrogenous fertilizers used 
with this method should be done with caution due to the possibility 
of too great a concentration of nitrogen in certain areas of the 
root zone causing eai'ly rhe.turirig of fruit. 

3. Fertilizer in irrigation water - If fertUizer and water are 
applied at the same time, this method may be desirable by 
using soluble compounds in the irrigation water. 

4: Through holes in tree trunks - This method has briefly been 
recornrnended for several of the elements. This method is 
desirable for orchards where the sc'l is such that if certain 
elements were applied directly in the soil, they would not be 
available to the tree. Avoid using this method during the 
growing season.. Wait for the dormant season, if at all possible. 

5. Spraying - A good method for certain micronutrients because 
of quick response to readily available elernent? in comparison 
to availability in the soil. 
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UNIT II 



BOTANY OF HORTICULTURAL PLANTS 



^. CLAS SIFICATION 

The common classification of horticnlturrJ plants or fruits includes 
fruits, vegetables and ornamentals plus medicinal plants. However, the 
horticulturist finds it necessary to farther classify his field in more detail 
based on growth habit arid similarity of plant parts. This type of classification 
is broken down into three main subdivisions. 



AniwiaJ s 

Annual plants are those which in the course of one year grow, flower, 
and produce seed to complete its life cycle and theti dies. One year is the 
niaxinitun amount of time required to complete the cycle. However, even 
though garden vegetables (beans, peas, etc.), weeds, and ornamentals 
usually require three to four months for this cycle, they are still considered 
to be annuals. Tomatoes, for example, may actually be prolonged in growth 
m a greeniiouse for more than a year but are still considered an annual. Oh. 
the other hand, it is possible for certain annuals to become perennials (live 
more tliari t\vd years), if they are growing in a frost-free climate and are 
not susceptible to "frost-kill". Thus, the term "annual" is a highly flexible 



Hir'jni:ctl ulariis are those which need parts of two full years to com- 
iji, ;iu-if life cycle. This means a plant grows vegetati^ely one year and 
prr.niK es seed the next year. This is true of the carrot, beet, briiori, arid 
cablja^v.:. However, most people convert these "bienhials" into "annuals'^ 
L.J i \ I'ritvng their roots or leaves the first year. Cultural practices, in 
. Ccrso, arc the factors affecting the classification. It is brily when these 
are ^rd\vri for seed that they are considered "biennials". Although, 
hurt cultural plant, "winter wheat" is a true biennial since it is planted 
n\ ihe tal] of one year and harvested during the next spring. The term 
Ijitrnnial, as with aririual, is quite flexible. 

Jr^ eo ^-en-nia I 

Perennials are those plants which ribrmally live fbr more than two 
years. The perennials are divided into two groups called herbaceous and 
woody. 

IU?rbacuiims perennials are those plants possessing soft arid succulent 
stems. In certairi clirriates, the tbps or vegetative growth of the plant will 
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f\\r flciwn alter fjnt; season (if ^'rov/tJi: However, tFie roots often i ismain aiive 
rind are able to proriuc:e new shoot.s and growth the fbllbwihg season. These 
ttj[Ks inay be c (jnsiuererl annuals, arirl the bottoms perennials: Such plants as 
a s p;i ra u s ; rhuf)arb, p^'^ppy ^n^i tiillp are terrnr^d herbaceous. 

W<)ody jjcrrennials are knov/n as trees, shrubs, and vines; This is 
becatrse their top growth us\ially rerriaihs woody in nature, even during 
dorrriaril fjerioris. Suc:h perennials are usually upright in grov/th and the 
.sterns or trunks arf! the main axis from which smaller shoots or branches 
ori^in;ite'. CJtfiers may havf: hrj main axis and many different steriis originate 
ir(;i!i tlie (. rrjv.-n (surface* rjf root system) forming shrub^i: 

Wof/dy ];e r f:nnia] ,s , specifically fruit trees, are what v/e are chiefly 
t onceiuierl v/itli in tins nzannal: 

Tcj rlistinguish bfrtv/een fruits, vegetables and ornamentals, it is 
Mood to remernbe-r that tfie tfirrn "fruit" is used v/hen a plant's fruit is eaten 
versfjs a "vegetables" mftaning -^vhen the leaves or roots of a plant are used 
for food. Worldv/ide, these tv/r, terms are used slightly different; thus, in 
the United States, the tomato is commonly called a vegetable, v/hereas 
other c ountries iTiay call it a fruit. In general, the two definitror;5 stated are 
c correct for rn(; st of the v/orld. 

"Ornamentals"' are simply plants grown for their ornamental value. 
This term may conflict v/ith fruits, as in the case of grapes, which are not 
always grown for their fruit, but for ornamental reasons, a- -.^-ell. 

An impcjrtant factor to remember is that, in general, classification 
of horticultural plants is largely determined by cultural practices of the 
v/orld as v/e 11 as the purpose for which they are being grown. 

Ar: ATOMY OF PLANT GROWTH 

Anatomy of plant grdv/th refers to its structure. Structure refers 
to tiny cells in plants v/hich combine and form tissue and further combine 
and form plant organs. These organs are known as roots, stems, leaves, , 
flowers, fruits, and seeds. 

Cells are rectangular in shape and inside the ceil waii there is a 
substance known as prdtdplasm. In the protoplasm itself, there is cytoplasm, 
vacuoles, a nucleus, and plastids/ The nucleus is the most irnportant part 
because it carries thread-like structures (chromosomes) which divide into 
more cells allbwirig for growth arid carrying on hereditary characteristics. 
Around the nucleus is a ge latine - like material (cytoplasm) which aids in 
the movement of nutrients. Within the cytoplasm are found plastids which 
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contain starch, fats, proteins and pigments; The green color in leaves is 
created by the chlorophyll cbhtaihisd in the plastids. These are called 
chlbroplasts which together with the sun's rays produce sugar frbrri carbon 
dioxide arid water. This process if known as photosynthesis. Also, in 
cytoplasm are found vacuoles, which contain a substance khowii as cell sap. 
(Figure 9.) 

There are several types of cells which are important in understanding 
plant growtil. 

Pa r fenc hyma ceils are the simplest and also the greatest in number. 
These cells contain protoplasm and divide easily. Parenchyrna cells are 
found in great numbers in roots and sterns, particularly in young growth. 
They are also prevalent in other organs of plants and can stretch easily 
allowing for expansion in size of certain fruits, such as berries and cherries. 

C dllenchyma cells are long and narrow, contain protoplasm with 
hhickened areas along sides and corners of the cells for strength. They are 
found in herbaceous stems and midribs of leaves where they provide valuable 
support tor growth. 

Sclc renchyma cells result from thickened and hardened parenchyma 
colls where protopTasrn ceases and strengthening of the cell occurs. These 
(.(•[Is appear in pears, and shells of nuts and are called fibers. 




CROSS SECTION OF A TYPICAL CELL 
FIGURE 9 
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Tissue a nd Cambium are the next stage of development; Tissue, 
the result of cell groups combining, called xylem and phloem, forms a 
system which connects the roots v/il,h leaves, flowers and fruits through 
the stem: The ceils of xylem tissue conduct water and are called trach'bids 
or vessels. Phloem tissues conduct the manufactured foods. This tissue 
consists of sieve tubes, dead fiber cells and living parenchyma cells, in 
woody stems of ff uit trees, the xylem forms the wood, while the phloem 
rhakes up the bark or outside layers of the tree. Between the xylerh arid 
phloem is a layer of ceils known as the cambium . Cambium ceils con- 
stantly divide fbrrilirig new xylem arid phiberri cells, arid thus growth and 
expansion of the tree trunk occurs. The old xylem cells become the 
heartwood and pith inside the stem or trunk. The old phloem may die, 
become corky and fall off. 

Annual rings occur in treiss due to the mentioned cambium cell 
action and subsequent new growth. By counting these rings, the exact 
age of the tree can be estabiished. 



Meristematic Tissue is important because it is the tissue resoon- 
sible for elongation of stems and roots, Th^s type of tissue can be found 
at the apex'ttip) of shoots and roots and because of its rapid division arid 
subsequent development, both organs grow in length. 



C. - FUNCTION OF PfcANT PARTS (ORGAN S) 

Roots are organs resporisible for absorbing water and nutrients from 
the soil for growth and also lend physical support to plants and trees by 
their anchoring effect in the soil. The absorptive power of the roots take 
place through tiny cell structures, called rbothairs, which are cbnstaritly 
growing and expanding in tiie soil. 

Stems or Trunks provide a physical connection between the roots 
and leaves, therefore allowing for upward transportation of water, nutrients 
and miariufactur ed fbbds for use in growth processes of leaves, flowers, and 
fruits . 

l^eaves are actually sterns in thern selves, although con side r ably 
modified. Their chief function is in the manufacturing of food whereby 
water and nutrients from the soil brought to the leaves through the roots 
are conabined with carbbri dioxide of the air. 

Flow -ex^ are modified leaves on special type shoots. They are 
necessary in reprbductibri or fbrrriirig seeds because they hold the rriale 
and female parts, eitheyi^ in the same flower (hermaphroditic) or in 
separate flowers (monoecious). 
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Fruits are not actually that important to plants or trees. Althongh 
^sc'ed{sj adhere to therri, their importance lies mainly in iscdribmic valiae arid 
riot in seirvirig a crucial function for growth. 

Seeds furictidri eritirely for propagation purposes. In ecoribrriic terrns^ 
they function as food for hurhans, such as wheat and corn. 

IX R EPIIQDUCTION AND FRUIT SET m J=>_I^ANT5 

Th <jrc are two ways which plants niay be propagated. They are 
referrejd to as sexual (from seeds) and asexual (vegetative parts). 

Sexual reproduction occurs from cell growth due to the male and 
female elements combinmg together. These two ele./ierits are produced iri 
blbssbiris. The male portion is known as the starrien. It consists of a stalk 
or filament and the anther where pollen grains are produced. The female 
portion is called ari bvulary. It cbritairis a stalk or style and a stigrria. Iri 
the bvulary are one or more ovules producing an egg cell which may or may 
not be fertilized by a male cell (gamete) from the pbllen grains. Pollination 
occ\irs in two ways. Self -pblliriaticri bccurs when pbllen is transferred frbrri 
the anther to the stigma in the same flower. Cr oss -pollination occurs when 
potien from the anther of one flower is transferred to the stigma of another 
fiower. / 



COROLLA OR 




ANATOMY OF A FLOWER 

FIGURE 10 
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Botix types of pollinatibh insure fertilization. Thus, the result is 
self-fertilizatibti and cross-fertilization. The process of pbllin^tibri and 
fertilization is greatly aided by var iou^ agencie s . These may include wind, 
water, insects, and certain Birds. 

For example, v/ind rhay trigger the anthers tb Ibse their pollen and 
thereby come into contact with the stigmas: Insects (honeybeesj transfer _ 
pollen from one flower to anbther while in search of nectar by the means of 
pollen sticking to their legs. 

Asexual reproduction bccurs when certain vegetative parts of a plant 
are used to promote new growth of stems, leaves, or roots. Seeds are 
therefore not a part bf asexual reproduction. With fruit trees, asexual 
reproduction is the most important means bf prbpagatibri. Asexual repro- 
duction takes place by various methods: 

1. (r: Tatting s - This includes both stern and rbbt cuttings;. Stem 
cuttings can be made on both herbaceous and woody materials. 
Common herbaceous plants propagated by stem cuttings are 
geraniums, chrysanthemums, and carnations. A stern (four 
inches long) with at least one growing tip is cut, placed in moist 
soil or sand and roots then begin tb develop. Common woody 
plants, such as the rose and bhieberry, can be prbpagated by 
this same method as long as the wood has matured. Many 
ornamental shrubs ar.d trees are propagated by this method, 
including both evergreen and deciduous plants. 

Robt cuttings are a common means of propagation for the 
blackberry and raspberry bush, and sweet potatbes. This 
method involves cucting a root about one-fourth inch in diameter 
and from two to four inches in length arid planting in the same 
way as for stem cutting^. When planted, root develbpmerit will 
take place. < . 

2. Layering ' - This method refers to layers br branches bf a 
plant br tree cbvered with soil. The branch part to be covered 
with soil is slightly broken fbrmirig ari '^IbowM and this is 
where probable root growth develops. This is because grbwth 

substances v/ill accurnulate at the broken point and promote 

rooting. After sufficient rbbt development occurs, the branch 
with its root system is dug up and planted as a separate tiriit. 
There are three cbrnrribn types of layering used; tip, mound, 
and simple. (Figure 11.) 
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A 
TIP 



B 

MOUND 



C 

Simple 



LAYERING 

FIGURE II 



3. Grafting - This method refers to a type of asexual reproduction 
whereby a scioii of one variety i;^uriited with a rbbtstbck o£ 
another variety. Scion refers to a stem with one or more buds 
present, or a single bud itself. Rootstock, of course, is the 
lower portion of a plant or tree riot cbritairiing buds. Wheth er 
Wuds or stems are used, the main requifemeixLjs- to ensure 
ti>at the aam:bi:TTrrr iayprs nf both thf? g-cion and foot stock come 
into -contact so that the camb iuiti cells bf each continue to grow 
and form a permanenj: bond between them . Also, it is well to 
remember that not all scions and rootstocks are compatible. 
Compatibility is learned by experience^ but as a general rule 
plum, cherry, and peach unite with each oSier but not with 
apple or pear: in classification, they all belbrig to the same 
family but are of a differerit gerius. 

The grafting technique is t}ie_ rnbst important type bf propa- 
gation iri decidubu^^uit orchards because of greater flexibility 
in \initing different scions to different rootstocks and relative ease 
of operation. There are several methods which cari be chosen 
by the orchard grower to suit his individual heeds. 

Graf ting- id[etixods 

The Whip (3 raft (Figure IE) is u8ed_for* propagation of apple br pear 
and certain ornamentals. This type bf graft is cbrnrnbn for (yo\ing) fruit 
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trees where the diameter of the scion and rbbtsto^k do liot exceed three- 
fourths inch. Both scion ard stock are cut at slanting angles. About brie ~ 
third of the distance from the pointed end of the cut dii each piece, a tongue 
is cut. Both scion and rootstock are then locked together ensuririg^Hat 
both cambiums are in contact with brie another. Then, a rubber band of 
desired length is wound around the graft rather tightly and uriifbrrilly. After 

banding, grafting wax br beeswax, in liquid form is painted over the entire 

grafted surface to keep air from entering the cuts arid dfymg out the cambium. 

Caution: Heated grafting wax should not be boiling but merely in a 
wjirm fluid state; other\vise injury to the delicate tissues may occur. 

Fbrmula bf Graftirig Wax 

Resin 1 pound 

Linseed Oil 3 fluid dunces 

Parafin 5 pounds 




Cleft Graft is used on rbbtstbcks with a diameter limitation ranging 
irbrri three -fourths to two and one-half Inchej. (Figure 13J This method 
involves splitting the sbl^d rootstock or st-ib and inserting two scions irito 



30- ^0 



the split. Both scions should have at least 50 percent contact with the outer 
cambium layers and each scibri should be cut with two equal slants to fit 
the angle of the split; After inserting the scions ^ grafting wax is applied. 
Upon union, healing and growth takes place and the weaker of the two scions 
IS cut and removed. This prevents a weak tree (poor angled crotch) from 
forming in the years to come. Always remember to check the grafting wax 
(at least once a week) po ensure that cracks have lidt developed which would 
require rewaxing; 




CLEFT GRAFT 
FIGURE 13 



Stub Graft. A hew variety may be desired dri an old, well-developed 
tree. For this, almost the entire top growth will heed a replacement of 
scions. This replacement can be done with the use of stub grafts (Figure 14) 
Branches of one inch diameter can be used. An off-branch is completely 
removed and the desired scion is inserted about one to two inches from the 
main stem. Again, carnbiiim contact and waxing are extremely important 
for success. 

Bark Graft is sometimes referred to as inlay veneer graft. This 
method is useful on large stems or even trunks of trees. Many scidiis may- 
be used with at least two buds present per scion. The procedural technique 
follows closely that df the cleft and stub^ graft except there is a slightly 
different cut of the scion (Figure 15). Because of the bark being older, the 
scion will usually be held quite firmly by the bark alone. 
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STUB GRAFT 
FIGURE 14 




Badding : This method differs frbrh other types of grafts in that 
only one bud is used and without its original scibn. Ah existing bud is 
replaced by a new variety of bud. Success is again dependent on the union 
of the bud cambium with the cambium surrounding it by the branch or tree. 
Budding is increasingly being used as the main method of propagation over 
other grafting methods. 

Bud wood selection: Bud wood is comparable to the scion in grafting* 
If budding is desired in the summer, the shoots of the current season's 
growth are used. The leaves are removed from the stem and only the 
middle half of the stem is used for budding (three to four buds). The 
rernainder is discarded. 

For spring badding, the wood is collected while atill dbrrhant. As 
for summer budding, spring cuts involve only the center bud portion of any 
one stem. This bud wood is then stored at 34° F to 45° F in moist burlap or 
gunny sacks. 



Budding is done in several ways. One is called a "T" bud. (Figure 16.) 
A hdrtizdntal cut is made in the stock and a vertical cut is made^ below it to 
form a "T". A bud is cut from desired scion variety in the form of a small 
shield, the woody tissue removed, and the bud inserted inside the "T". The 
cut area is then wrapped with a rubber band, twine, etc, , and waxed. Actual 
budding is done in the spring just after terminal growth takes place and when 
the cambium is active, or in late summer \vhile terminal growth is still 
active. 

Other types of cuts are known as the "H" cut and the patch cut. The 
"H" cut is similar to the "T:', except the "H" ty^e has two vertical cuts, 
instead of one as with the "T^\ The patch cut is simply removing an entire 
patch of bark from a tree and replacing it with a bud of the sarne size. 





BUDDING 
FIGURE 16 
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UNIT m - INSECT AND DISEASE CONTROL IN ORCHARDS 

A. C-I^ASSIEICATldN, DAMAGE, AND CONTROL OF INSECT S 

Orchard insects may be classified three ways: (1) sucking insects; 
(2) chewing or leaf-eating insects; and (3) borers. 

Sue king insect s f e e d upon the foliage, bark of fruit of a tree by 
sucking juices from various tissues of the organs through means of a tiny 
beak: Damage, therefore, occurs according to the amount of liquid food 
consumed by such insects. Common sucking insects are aphid s, scale 
insects, mealybugs, leafhoppers, and mites. All these insects are very 
tiny in size and are controlled by contact sprays (sprays which cause death 
of insects on contact because of burnings paralysis^ etc. ). Contact sprays 
such as nicotine sulfate, retenone and pyrethrum have been used for years 
in controlling suckiiig insects. Newer insecticides, such as DDT, chlordane, 
lindane, aldrin, malathibh and dieldrin are more comrhonly used today as 
they are insecticides for both chewing and sucking insects, it is important 
to f ernember that any of these insecticides should be applied only when the 
insects are visible on the trees and applications should be made repeatedly 
(two or three times) to ersure that newly hatched larvae will be killed. 

Chewing insects obtain their food by chewing and eating plant tissue 
such as leaves, flowers, buds, and fruit. Because such insects may cdnsurrie 
several times their weight in food each day, the damage to fruit trees can be 
rather high and devastating. Common chewing insects include the appie-tent 
caterpillar, bagworm, brown-tail moth, cankerwofm, webwdfm, cutworm, 
leaf roller, and Japanese beetle. 

Since these insects chew plant tissue, control measures ha^'^e always 
been effective by using a stomach poison such as arsenate of lead. However, 
DDT, chlordane, lindane, etc. , are newer forms of insecticides and kill 
both by contact and through the stomach; therefore, they are more popular 
because of killing both chewing and sucking type insects with the same spray. 

A few notes of caution are worth mentioning at this time. Any of the 
insecticides mentioned are usually sold under different trademarks in 
different parts of the world. Under any circumstances, it is well to spray 
according to the instructions marked on the package of bottle. 

Also, any fruits that have been sprayed with arsenate of lead should 
aJways- be washed thoroughly (possibly with a soap compound) before being 
eaten. 

Hor a-v s are the most disastrous insects since they vitally affect the 
life of a tree by boring small tunnels between the bark and the wood, thereby 



destroying the cambium layer of the tfeis. They may also bore into sapwood 
and heartwood weakening the physical strength of the tree arid allowing fungus 
to develop. There are many types of borers but they are usually classified 
as either flat-headed or round-headed. 

Control of borers may occur through their predatoris or natural 
enemies, such as certain flies or the woodpecker which feeds on the larvae. 
More importantly, dead branches and dead trees should be removed and 
destroyed (burned) to eliminate future breeding places for these insects; 
but the most effective method again is one of chemical solutions or sprays. 
Two of the most effective materials are carbon disulphide and cyanogas 
applied directly into any visible tunnels of the tree where the borers may 
be present. After applying either of these materials, the opening of the 
tunnel should be closed with cemenVi mudi etc. , to thoroughly fumigate 
the tunnel andjcill the insects, A preventative control is to spray the^r^e 
trunk with DDT while the adult borers are laying the eggs. Another spray- 
ing should be applied as the young larvae hatch arid rhdve dbwri the^trunk. 

The common peach tree borer, if allowed to penetrate below the 
soil surface, may be killed by applying par adichlor ohenzerie crystals 
around the trunk about two inches below the soil surface. 

As mentioned, not all control is by chemical applicatibri. Biological 
control occurs when an insect's enemies keep it in check by feeding on it, 
thereby lowering its population in a given area. For example, the J5raying 
mantis feeds on live hornets, spiders, etc. L.adybugs or lady beetles feed 
on aphids or plant lice. In fact, if it were not for biological control, the 
world would be overrun by insects. Chemical control, by itself, would 
probably not be able to control such insect populations. 

Some harmful insects may actually serve in a beneficial manner. 
Borers, for example, are useful when they are active in dead trees causing 
gradual decbmpos itibn of the tree. Termites can also be helpful in this 
capacity, 

Sbme cultural practices may aid in tiie control insects such as 
pruning or thinning the fru:t tree tb allow easier arid rnbre complete spray- 
ing of an insecticide, painting tree trunks to reduce egg laying by certairi 
borers, and usirig tarpaper collars arotmd the tree base to guard against 
customers. 



B. CLASSIFICATION, DAMAG E AN[D CONTROL OF DISEASES 

Orgariisrhs respbrisible for diseases in fruit trees are grouped as 
bacteria, fungi, and viruses. 
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■Baucte-r-ia multiply rapidiy by ceil division within the host plant. They 
are moved about from place to place in the spore stage by insects, man, 
anrmais, wind, and water. Certain bacteria are parasitic in nature deriving 
thiMi- food fi-bni living tissue. Other bacteria are saprophytic and thrive on 
dc^ld tii;sue. 

The inbst serious bacterial disease is known ?ts fire blig ixt . it strikes 
at the apple, pear, and quince fruit trees arid is noticeable by the browning 
or darkehiiii; of flowers and leaves near the tips of twigs or branches, 
usually c ausirit> the branches to die. The infection occurs in early spring by 
bacteria which have been dormant during the winter season in infected twigs. 
Li is usually sf)read by water and almost surely be bees during pollination. 
Pruning tools may also carry this bacteria as well as suckirig insects. New 
succtiliMit growth is most susceptible and complete loss of the tree may 
o (• c u 1' as w u 1 ] as an e h 1 i r ore ha r d . 

Cultural control is effective in reducing the spread of this bacteria. 
Infected branches should be reinov^-J arid burned. If this is done by pruning, 
the pruning equipment should be sterilized with a two to five' percent sdlutiori 
of lysbl or he.xoi. Fertilizer should bf withheld to reduce the rapid growth 
of new s\icculent tissue. Any wounds t^iouid be sterilized with either lysol 
or lu.'xol. 

Chemica l control includes spra /ing the blossoms with an antibiotic 
: . li as st r epton ) y s i n. 

Ancjth<M- serious bacterial disease is called cro wn g alL It infects 
inaiiiiy applf ti-ct-s tv; entering wounds because of grafting or pruning arid 
the result is swellings on the roots or in the trunk. Growth may be reduced 
/Mifi roots may die. Young trees are more susceptible than older ones. 
I-'i-e^-ention is the best control: C^ood cultural practices such as guarding 
ai^ciini:.! :-uiy wounds on the trees is a good step towards minimizing crown 
: ..ill: 11 possible, always use resistant varieties or good ndri- infected 
i . i i I" S r y s t o e k . 

Fungi, like bacteria, flo not rnariufacture their own fbbd. They are, 
therefore, reliant on dead (saprophytic) and living (parasitic) tissues to 
sustain tlunnselves. Furigi spores are transpo rted in the same manner as 
l^acteria. Fungi are complicated organismis probably best described as: 
iiiultieelled with vegetative and reproductive stages. Certain fungi 
grow on the surface of a host plant causing powdery mildrews and shoe- 
st?-ing root rot; others may grow inside" the host, erupt arid cause downy 
aiildtiv/s, leaf spots, blight, rusts, anthracnose, and scabs. There are other 



-.36- 

46 



that remain entirely within the host tissue causing the plant to wilt and die 
or causing co mm on ''wilts''. Thus, control measures are different for each 
type of fuiigi. Of particular importance to the fruit grower are the following 
types of fungus diseases and their possible control. 

1. Anthracnbse (blight) is a leaf and twig disease sdmetimesi found 
in walnut, cherry, and plum trees. Symptoms are brown to 
reddish-brdwTi or J5ufple spots on leaves, particularly along and 
between veins. The leaves eventually die and fall off. Twigs 
become infected and the entire top growth of the tree may be 
retarded in growth. Death of the tree may occur. Control 
measures include burning of infected branches and twigs and 
spraying with three applications of Bordeaux mixture. The first 
spray is applied as buds break open, the second on young leaves, 
and the third on half-grown leaves. 

2. Apple Scab and Cedar -Apple Rust are two diseases that are 
serious with apple trees and may cause loss from 5G to 180 
percent of the fruit crop. SyTaptbms are raised circular lesions 
on the underside of leaves, fruits, and twigs. A certain type 

of rust actually requires two hosts to complete its life cycle. 
One is the Redcedar and the other is a species of the apple genus 
(Malus)c if one of the two hosts is destroyed, the rust will not 
appear on the Malus type apple tree or Redcedar depending on 
which is being grown. Obviously, the apple tree is of concern 
here and, therefore, preventive control of this fungus disease 
would be to ensure that lid Redcedars are^ being grown within 
at least one rhile of the apple orchard. Chemical cbritrbl in- 
cludes periodic sprayings of eitiier a sulfur or Bordeaux mixture 
starting with the leaf buds. Cultural cositrol includes burning / 
of diseased leaves, twigs, and fruits. 

3. Leaf Spots appear as irregularly slbped areas, discblbred, or 
dead tissue on leaves. This disease is sorhetirhes referred to 
as blight or blotch. L^^af spots are not disastrous to a fruit tree 
except when the number increases withbut cbritrbl arid severe 
defoliation occurs. Spores are carried by the wind. Leaf spot 
is easy to control eithe^ by burning old leaves and/or spraying 
the new leaf buds with Bbrdeaiox rilixture. Sulfur sprays, dusts, 
and copper-lime dust can also be used. 

4. Powdery Mildew forms a white coveririg bver leaves. It, like 
leaf spot disease, is not extremely harmfm and is easily con- 
trblled by burriiiig of bid leaves and spraying with wettable sulfur. 
As with leaf spot, the spores are spread by wirid. 
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-Viruseg are infectious agents seen only through an electron micro- 
scope. They are known chiefly by what they db; They can neither be 
prevented nor controlled by spraying. However, it is known that plant 
viruses are transmitted mainly by sucking insects and since it is possible 
to control such insects^ these viruses caxi be assumed to be controlled also 
Control has also conie about through breeding of resistant varieties of 
plants and trees. 

There are two types of virus diseases classified as rhbsaics arid 
yellows, Mosafcs are defiried as a mottled dark and light leaf color, and 
yellows as off color of a leaf. Both may resxilt in^sturited growth,^ crumbly 
fruit, and possible death of the tree. Peach, plum and cherry trees are 
highly susceptible to yellows. 
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UNIT IV . - POME FRUITS 

A, CLASSIFICATION AND DESCRIPTION 

The botanist classifies the apple, pear^ and quince as pbrtle fruits. 
This classification is based on the premise of the botanical subfamily, 
Pomoideae, because of some common physiological characteristics. For 
example, all three of these fruits are^ to some degree, susceptible to fire 
blight disease. Also, plants of this subfamily tend to be compatible for 
grafting on each other. 

B, PLANT REQUIREMENTS 

The appl e is considered the most important pome fruity having 
originated in Western Asia in the northwestern part of the Hirhalayas where^ 
today, one still finds areas of wild apple igpecies. An apple tree begins to 
bear after approximately six years of age and continues for another 40 to 50 
years. 

Climatic conditions favorable to good apple tree growth occur in the 
temperate zone, where the winter usually has freezing temperatures. Ideal 
soil conditions include a deep soil with good drainage arid adequate water 
supply for the dry season, although apple trees are rhbre tolerant of wet and 
poorly aerated ^oils (in comparison to mccny other fruit trees outside of the 
pome fruits). Tree spacihgs will vary from 35 to 50 feet, depending on the 
type of planting arrangement used. See Figure 17. 

The second most important pome fruit is the pear . Sihce apples and 
pears are very similar in many respects, the information on apple trees can 
be applied to the pear tree. There are a few exceptions, however, and they 
are as follows: 

1. In general, pear trees cannot tolerate extremely cold winters 
or hot summers as well as the apple tree. 

2. Pear tree growth is more upright than that of most apple trees 
and, as a result, plant spacings can be reduced to 20 to 25 feet. 

3. Fertilizer applications become a sensitive factor with pears 
due to the fact that fruit bearing occurs almost entirely after 
vegetative growth slows down. Thu is, lighter applications of 
fertilizer may be desired as well as lighter pruning. 

4. Pears blbbrti somewhat earlier than apples and are more 
susceptible to fruit injury in a late spring. 



The quince ranks third among pome fmits. It is grown as an orna- 
mental and for the p^esefves and jellies processed from its fruit. The 
quince tree is very susceptible to fire blight and quince rust. 
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C . PRO PAG ATXQN ; 

Apple trees are mainly propagated asexually by budaing. Varieties 
of suitable local apple rootstock are used and desirable buds (two or tiiree). 
or the scion, are graUEted to one another. 

As with apples, pear trees are also propagated by the budding Snitfiod. 
Besides using pear seedlings as rootstock, quince rootstock can be used if 
dwarfing is desired. 

The quince is propagated usually on its own ?55t8.tC3ck attained f rbm 
cuttings or layers. 



PRUNING- 



Pruning of fruit trees may be defined as the art of cutting away parts 
(bxanches, twigs, etc. ) of a tree for the purpose of actually training branch 
growth in such a way as to reduce limb breakage due to heavy fruit loads and 
also to facilitate spraying, thinning and harvesting of fruit. In generai, best 
pruning results are attained when pruning takes place either in late fall or 
early spring after leaf fall and before leaf set. Pruning reduces total volunne 
of growth^ but it also increases the nitrogen supply to the remaining buds of 
a tre3. Heavy pruning, as such, will then promote heavy vegetative growth^ 
which may not be desirable for certain fruit trees as this may delay fruit- 
bud fdrmatioii and further reduce the total crop. 

Pruning is /ery important during the early years of a fruit tree as 
these are the so-called "formative'' years for establishing a good and strong 
framework for heavy fruit bearing. By pr-uning, a fruit tree can actually be 
trained to grow in such a way to produce this strong framework. Fruit trees, 
by their natural process of growth, simply do not prepare themselves for 
heavy fruit bearing, therefore^ artificial rnethdds are required; 

In pruning the young pome fruit trees, a system known as the "modi- 
fied leader system" is widely used. This system involves the selection of 
three to five main branches around the trunk, spaced approximately one foot 
apart and at a wide angle with the trunk. Each selected main branch should 
hav2 two to three well spaced side branches which serve to form the basic 
structure of the tree. This type of system will usually take two to three 
years of growth to develop. 

As the tree gets older, broken and diseased branches should be re- 
moved. Any suckers or "water sprouts" should also be removed; if many 
inside branches .are-developing, these should be thinned but by good pruning. 

Pruning itself is done with a sharp handsaw^ hand shears, or actual 
pruning tools available in most parts of the world. Pruning cuts should 
always be made as close as possible to the branch origin; Usually the 
bottom of the branch is cut first and then the top. This will help prevent 

tearing the bark due to the Weight of the branchi Since fire blight is a 

serious disease in pome fruits^ pruning tools should continually be sterilized 
in either lysol or hexol; 
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UNIT V STONE FRUITS 

A. CLASSIFICATION AND DJESCRIPTION 

Peaches, plums, cherries, apricots^ almonds^ and olives are all 
considered stone fruits. With the exception of olives, ail are deciduous 
trees; that is, they shed their leaves during the winter of dormant season. 
The olive, on the other hand, is considered an evergreen fruit because it 
does not shed its leaves daring the dormant season and there is actually a 
certain amount of growth that takes place the year round. Olives arid other 
evergreen fruits are considered to be subtropical or tropical plants and 
highly intolerant of low temperatures. 

Stone fruits are also known as drupe fruits, in botanical classification 
stone fruits belong to the Genus Prunus. AH of the stone fruits have a hard 
and strong inner endbcarp or seed. 

As in all classifications, the stone fruits have ceftairi fDhysibldgical 
characteristics common to all of them. Fruits, flowers and young shoots 
of this genus are nearly a^ll susceptible to a brown-rot fiingUB, Many viruses 
attack the stone fruits* There is some degree of graftirig cbrripatibility, 
although the degree is not as great as that among pome fruits. 

B. PLANT REQUIREMENTS 

— - - _ _ _" ._; ^ 

Peaches are brie of the most irripbrtarit stbrie fruits iri the worlds 

having originated in Persia. It is a rather large fruit and quite tasty. 

Feach trfees grbw well iri relatively light soils (pH of 6* 0) which are 
even sandy in texture. Water and nitrogen requirements are quite high. A 
climate, which /is generally frost- free, is bejgt for peaches. be cauise they tend 
to bloom .early an spring and are not particularly tolerant of cold winters. 

Spacirig requirerrierits vary accbrdirig tb sbil arid type of pxnriirig but, 
in general, 15/ to 20 feet is desirable. Spring planting of young nursery stock 
is desirable to avoid winter injury. The" young jseach tree is set slightly 
deeper in the orchard than from the nursery. The roots should be well packed 
with soil at planting time; 

Pliims are another important stone fruit. They are native tb rriany 
places and particularly to parts of the United States. They grow on a wide 
range of soils arid are quite tolerant cf wet arid poor ly aerated soils. 




The greatest climatic limitatibh relates to the brbwri-rbt fungus. A 
climate where summers are cooi and dry will greatly aid in reducing the 
incidence of this fungus. 

A B^^cing of 20 to 25 feet is often common in plum orchards. Young 
trees are planted in the spring although they are much more tolerant of cold 
winter than is the peach tree. 

Certain tynes of plums are used for prune rhakihg. This is possible 
if the plum has a high sugar content and a firm flesh. The process of mak- 
ing prunes is rather simple. Desirable plums are immersed in a solution 
of one pound of lye per 20 gallons of water for a few seconds. This allows 
for the wax of the plum to be removed. JThe plums are then perforated by 
running them over a board of needles. This allows the skin to be permeable 
to water- The plums are then placed in the sun or dehydrators and allowed 
to dry. V 

Cherri^aa aie known as either sweet or sour (pie cherry). Usually 
sour cherries are ^canned or frozen while the sweet cherry is sold as a fresh 
fruit. I 

"Sweet cherries'' originated from the area between the Black and 
iSaspian Seas. Climate is the most important factor for sweet cherry growth. 
Since it is susceptible to brown- rot, it is best grown in areas where the 
sumxaers are cool and dry and winters rather mild. Sweet cherries do suffer 
from cold winters. Soil conditions favorable to sweet cherry growth are 
found on deep, well drained soils. Sweet cherry trees grow well in low 
rainfall areas because of early fruit ripening before depletion of soil rnbisture 
occurs. Orchard spacing is usually within the range of 25 to 35 feet and 
cover crops are usually planted fbr cultivation purposes. Sweet cherries 
require less nitrogen than do peaches. 

"Sour cherries" originated frbrh the same area as the sweet cherry, 
in contrast to the sweet cherry, the sour type requires more hitrbg;eh for 
growth and fruiting arid also more water. Climaticaily, sour cherry trees 
thrive better in colder climates versus the warmer areas for the sweet 
cherry. This is because the sour cherry tree requires a rather long chilling 
time duririg winter fbr its growth processes. However, severe cold winters 
can also cause damage to the sour cherry tree. Young treei are planted in 
the spring with a spacing of EO to 2,5 feet. Cover crops a.re also used in sour 
cherry orchards. 

Apricot s- are an important stone fruit originating in Western China 
but are restricted clirhatically fbr good fruit set. This is because apricot 
trees bloom earlier than the peach, and frost-free areas are that much rhbre 



-43- 

5a 



important. It is also limited to areas where summers are relatively dry, 
thlis reducing the danger of brown- rot. Nutrient f equirements, particularly 
nitrogen, match that of the plum but are not as great as the peach. 

Almonds are generally referred to as nuts, but are really stone fruits 
originating in Western Asia. The big difference between the almond and other 
stone fruits is that it is the seed of the almond which is eaten and not the 
fleshy fruit as with peaches, plums, etc. 

As with apricotis, the almond tree is especially susceptible to an early 
frost because of early bloom. It is therefore essential to grow almonds in 
frost-free c'reas. Almonds do exceptionally well in heavy soils. It also 
competes with the peach tree for a high requirement of nitrogen. 

Except for one or two species, the j^liyie- tree is a tropical plant, as 
previously mentioned, and thrives mostly on poorly aerated soils of the 
world. However, this is not the ideal soil for olives as a good, deep well- 
aerated soil would produce better olive crops. Olives require less water 
than rnost orchard trees, due mainly to lower transpiration losses. However^ 
its nitrogen requirements are as high as most deciduous fruit trees. The 
olive tree is thought to have originated near areas of the Mediterranean. 
Today, Spain produces the largest share of the \^brld's oli'^e crop. 

As for climato, the olive tree will tolerate lower temperatures than 
other evergreen orchard species. A mild chilling season is desired to induce 
flowering. The most dangerous disease of olives is called olive knot. This 
bacteria enters bark wounds and produces wart^^^ growths, sometimes causing 
death of the tree. Control is by cutting out the growths and disinfecting the 
wounds arid pruning tools. Spacing of trees in olive orchard usually is 
about 3 5 feet. 



C. PROPAGATION 

Peaches - Peach seedlirigs used as root stocks arid scions of suitable 
varieties are budded on to the rbbtstbck. Trees are budded in late summer 
and after one year's growth they are sold as nursery stock. 

Plum's - Propagated in the same manner as peaches using suitable 
plum root stock. 

CherrijaB - Also budded on various cherry rootstocks in a similar 
manner to peaches. This is true for both the sweet and sour cherry. ^ 

Aprico±B- - Budded on either peach or apricot seedling rootstocks. 
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Almonds ^ Grafted onto their own rootstocksi 

Olives - Can be propagated by cuttings. This is done using older 
leafy shoots cut about foxzr to five inches long with at least leaves at the 
top of the shoot. The cutting is tlien jjlaced in moist sandy soil where root 
developrherit occurs. Cuttings should be made in the fall. After two surnm-ers 
in a nursery, the individual cuttings should be ready for transplanting to the 
orchard. 



D. PRUNING 

Peaches - The young tree should be pruned leaving two to three side 
branches about two to three inches long. The main stern should be cut at a 
height of 24 to 30 inches. During the second year, the main scaffolds will 
have developed and secondary branches will occur. Pruning at this stage 
includes thixming out competing branches. Since fruit bearing occurs on 
new growth each year, continual pruning or heading back of old wood should 
be done for each successive year. 

Plums - Since there are so many varieties of plums with varying 
growth habits, it is difficult to recomrhend a specific systerh of pruning. 
However, the modified leader system with ctpple trees would probably serve 
most orchard needs. 

Chef f iea - Of all orchard species, both the sweet and sour cherry 
tree require the least of pruning as the tree rhatures. However^ at one year 
of age, it is advisable to train the growth with the modified leader system- 
Very light pruning of cfbsis branches or rubbing of branches is all that is 
required in later years of growth. 

Apricots ^ The rrlddified leader system is used in most apricot 
orchards. 

Olives - When planted itl the brchaf dL_yourig olive trees (bare-root) 
are cut back to a height of 24 to 30 inches. There is ^'•ery light pruning 
throughout the life of an olive tree. Only water sprout removal and general 
shaping of the tree is required. Heavy pruning is libt desirable as sofious 
setbacks in fruiting will occur. 

Almonds - As with most orchard trees, the modified leader systern 
is recommended. 
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UNIT VI - NUTS 



A. CI,ASSIFICAT4Q^ AN_nD^ eRIPTION 

For purposes of this rhanual, only the pecan arid walnut are discussed, 
although other huts such as the pistachio, hazelnut, and chestnut are impor- 
tant as well. Because of its close relationship to stone fruits, alrnonds are 
tidt discussed in this section of the rhanual. 

Edible-nut trees are of ecbribrhic importance because of human con- 
fcumptibn of the mature seeds, similar to almond, which they produce. 
Again, as with almonds, the seed is what is eaten and not the fleshy part 
covering the seed. 

in classification, the walnut and pecan belong to the family Jugiandaceae 



B. P^,ANT- REQUIREMENTS 

The walnut tree origiriated iri many parts of the world, most notably 
China, Japan, India, United States, and South America. 

It is one of the few deciduous orchard trees that is very sensitive to 
shallow and poorly aerated soils. This is due to the fact tliat its root system 
must be able to permeate soil to at least a depth of five feet. Because of the 
deep root system, cover crops are very important, allowing for better water 
penetration through the soil. 

eiimatic limitations vary greatly because of so many walnut varieties. 
Iri gerieral, conditions favorable for almond orchards will suite the walnut 
tree as well. A light chillirig wiriter is dejirable for most varieties of 
walnuts. This is true for example in the State of Califbrriia (U. S. A. ) where 
warm wiriters occur in the southern portion of the state and colder wiriters 
in the northern part where rribst walriut orchards are found today, in fact, 
California supplies most of the walnut crop for the eritire Uriited States. 

The pecan is native to the United States arid much of the annual crop 
is still harvested from wild trees in various parts of the cbun,try. It cari 
be grown in both h^irriid and arid climates. However, since most pecan 
growth takes place in the wild, best crop grbwth arid yield have been found 
in soils that are very deep and well-drained; In arid areas, pecan brchards 
are sometimes placed albrig the rich arid fertile soil of streams and rivers. 
This allows for available water by seepage to sustairi growth duririg the dry 
peribds. However, because of higher susceptibility of various diseases in 
humid areas, it n ay well be undesirable to invest in a pecan orchard. 



Spacings vary greatly dnd should be determined more by local varieties 
used aiid ;:heif ultimate isize at maturity; This ii also true for the walnut tree. 



C. PROPAGATION 

-Walnut - Usually its own seedling rootstocks are used and desired 
scion buds are grafted onto these rbbtstbcks. However, in many parts of 
the world, propagation takes place only by seedlings and no grafting occurs. 

Pecan - Follows much the same pattern of propagation as with the 

walnut. 

For both walnuts and pecans, better yields can certainly be brought 
about by grafting different varieties to different rootstocks. As stated, this 
is dune by budding and specifically with the patch or ring bud (Figure 18). 




PATCH OR RING BUD 



D. PRUNING 

For walnuts, very little research has been conducted on gocd pruning 
practices. It is recommended, however, that the fast growing and succulent 
water sprouts be removed if they arise due to abnormally warm winter 
weather. ^ 

Generally, there are no specific rules for pruning the walnut tree. 
Experience with local varieties by trial and error is the best rnethbd. 
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Pecan treei ^equi^e very little pruning as they are nabiral arid, 
therefore, rare in building a strong framework. This obviously is a great 
asset for the orchardrhari. 
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UNIT Vii - iSITRUS FRUITS 



A, CLASSIFICA TION AND DESCR IPTION 

As stated before, evergreen fruits include the citrus group which 
grows oh subtropical or tropicalj>lantB. These fruits are quite sensitive 
to low freezing temperatures. The evergreen citrus tree does not require 
the long reist period during winter as is so often necessary for deciduous 
types; it usually rhaihtaihs at least a minimum level of growlii throughout 
the year. 

Common citrus fruits cbh;?idered in this manual are the orange, 
lemon, lime^ and grapefruit. All: are Bbtahically placed in the farnily 
Rutaceae. Citrus fruits are native to the Old World in China, India, 
Philippines, Australia, and Africa. Now tiiey are grown iti almost all 
tropical and subtropical areas of 9ie world, including South America and 
the southern United States where temperatures are cooler than their original 
native habitat. Most citrus fruits are acid in taste^ except for the sweet 
orange. Those that are tod acidic for eating are usually consurhed in a fbrrri 
of drink of in cbbkihg. 

Some people often confuse lemons and limes as they quite often appear 
to look and taste alike. Botanically iixey are very sirnilaf ; however, the most 
distinguishing factor between them lies in their climatic requirements for 
growth. 

Lirnes grow best in warm and humid regions and are most promiheht 
in the tropics. Lemons require cool and dry environments and are most 
likely to be fOToiid in subtropical areas. A person is, therefore, more likely 
to find a lemon on the market in Sah Francisco and a lime in Manila. 

Oranges are either of the sweet or sour type. Both types are sirnilar 
in size, growth, and appearance. The sweet orange is favored for eating 
purposes while the &our orange is used chiefly as rbbtstbck for propagation 
of the sweet orange, grapefruit, and lemon, its rootstbck is highly resistant 
to several trunk diseases^ 



B. PLANT REQUIREMENTS 

Citrus trees grow on almbst any type of soil. Their root systerh is 
not a deep one and tends to spread but near the surface of the soil. Because 
of this, citrus thrives best on well-drained sandy loam, loam, and clay Ibarh 
soils. Soil structure with a good supply of nutrients is important. If 



WRAP TRUN-K AND MAIN BRANCHES 
IN FALL WITH DRY CQfiM5LTALKS,.PALM 
FRJDNbS,TULES,dR_ OTHER SCIITABLE 
INSUUATJNG MATERIALS FDR FROST 
PROTECTION. DO NOT COVER FOLj AGE 
COMPLt^ELY AS IT WILL IMPFDE 
PHOTOSYNTHESIS. 



BORDEAUX PAINT HERE 
BASIN FOR WATER 



KEEP INSECTS UNDER CONTROL 
AT ALL TIMES 




DO NOT PRUNE 



PAPER OR CARDBOARD WRAP T0_ 
PREVENT SUNBURN DURING SUMMER 



REMOVE SUCKERS FROM TRUNK 
BUD UNION HIGH 
FIRST ROOTS BRANCH HERE 



BURLAP FOLDED BACK 



TAMP SOIL FIRMLY AROUND BALL 



BALL RESTIJMG ON FIRM SOIL TO 
AVOID SETTLING 



PLANTING A YObNS GITRUS TREE FROM NURSERY STOCK 

FIGtjRE 19 
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soil moiGtufe is riot readily available, i>"rigation will be required. In the 
Far East, citrus trees are often planted hear or along river banks, streams, 
etc. , to allow for a good supply of moisture as well as adequate drainage. 

Oranges are grown in both subtropical areas and higher elevations 
of tropical cOuiKtries where monsoon rains occur. Grapefruit treiss do well 
in tropical lowlands i 

These are wide variations of spacings in a young orchard ranging 
from 15 to 35 feet, depending upon varieties being grown, if moisture is 
not a problem, a cover crop is usually grown in a citrus orchard. 

Planting fnstruc-tions for Citrus 

Select the proper tree from well- grown nursery stock. The foliage 
should be large, have a uniform healthy color, and be free from evidence 
of pest damage and nutrient deficiencies. 

A one year tree should have foliage the full length of the trunk and 
the bark should be bright and clean. The bud union should be well-tealed 
and free from evidence of sunburn, mechanical injury, or poor stubbing 
of the rootstdck. 



The bud union should be at least six inches above the ball* The trunk 
should be straight and show uninterrupted growth as evidenced hv the growth 
nodes on the trunks 

The ball should be moist but hot wet^ and the soil should be a solid 
cylinder. The bail should be securely tied with a good quality of burlap. 
No root stubs should protrude from the ball. 



It is important that buds come from trees which are true to the 
variety desired> and are knbwh to be productive and free from disease. 

The proper selection of nursery trees can largely govern your suc^ 
cess in the production of quality citrus fruit. 

C. PROPAGATION 

The four citrus fruits are quite ihte r changeable for propagation 
purposes; In general, citrus trees are propagated asexually by budding 
on seedling stocks. The citrus fruits mentioned below are desirable, 
usually^ from the standpbiht of their adaptability to varyihg soil cbnditiohs. 



-51- Bl 



'^bur Orange - Deii^able rbbtstbck for other citraa trees becausie^ 
5f promoSg gbbd tree growth and fruit quality bn heavy soils with 
poor drainage; 

Sweet Grange - Gbbd fbr rootstock use on rich saildy Ibaiiis; 

Lemon - Suitable root stock 5n light sandy sbils where shallow 
soils lie on rich fbrrhatibns. 



Lime - Not a desirable rootstock but when used^ it is used only 
On light soils i 

G rapefruit - Adaptable tb rich loamy soils but not at all desirable 
bn light sandy soils, therefore, it is not widely used as a rootstock. 



B. PRUNING 

Pruning of citrus trees is not as importaJit as wi^h deci.fuous fruit 
trees. Aiter the main scaffold branrhes have been deVelbped. very little 
pruning is required throughout the life «f the tree. Pinining of ybungj:ree£. 
centers mainly arbund the removal of water sprouts and training of die 
scaffoHs. With bearing citrus, removal of dead wood is about all that is 
required. 
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UNIT VHi - VINE FRUITS 



A. Cl^ASSIFICATION AND D^SCRiPTieN 

For purposes of this manual, only the grape is diacussed because of 
its importance in many parts of the world, particularly in developing cottntries; 
Grapes are aui important vine crop because they can be used for wine makings 
raisins, and for table purposes. Grapes are thought to have originated in Asia 
Minor and more specifically in Northern Iran. While there are many specieB 
of grapes, the Vitis Vinifera is probably the most important as it has dominated 
the European grape industry for years. It is sometimes referred to as Qie Old 
World grape. 

Grapes grow actually as vines and live almost indefinitely. Fruit is 
borne on the previous year's growth; known as caheis. Current season growth 
is called^ a shoot. Thus, the shoot becomes a cane the following season, and 
so on. Often, in approximately three years ^ it forms the ^ruhk or branch of 
the vine. ^ 

B. PLANT REQUIREMEN TS 

Well-drained deep soils are the best for grape culture. Since a late 
spring frost can be damaging to the blossoms, freedom from frost and cold 
winters is quite important. Areas or elevations which provide for good and 
quick drying of foliage after rains are important to reduce the danger of nnil- 
dew. With cornirnercia"' production of grapes being trained to grow on over- 
head wires, no cover crops are used in the vineyard arid cleari cultivation is 
maintained. Because of this, a vineyard should be selected where soil erosion 
will not be a prbblern or can at least be controlled, 

C . PROPAGATION 

Crapes are propagated by grafting, cuttings, and layering, depending 
upon the variety irivolved. With layering^ a strong brie year cane is placed 
in a trench three to four inches deep and the end is left protruding. The cane 
is then covered with soil and footed vines may be produced ir>. one season. 

Cuttings involve using a cane which includes three buds. One cut is 
made close to the bottom bud arid the second cut is made one inch above the 
top bud. When placed in the field, only the top bud should rernain above the 
soil surface and the canes should be spaced three to four inches apart in rowsi 
As with layering, cuttirigs will root arid yburig plarits will be ready for field 
planting in approximately one year; 
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D. PRUNING 



For grapes i pruriihg, arid threfbre trairiihg, of growth depends entire; 
on the species grown; Some species are trained bri wires, others cri stakes, 
and wild grapes take their own course. To achieve commercial grape produc 
tion profitably, some system of pruning and training is necessary. This is 
due to the fact that a vine fruit, in this case grapes, does hot form a strong 
scaffold system arid does riot necessarily grow in a uniform uprigh^ position 
thus aj;lowing for inefficient irrigation, weeding, and harvesting. By "trairiii 
grape vines to grow on wires, poles, etc., these problems are overcome anc 
better yields occur. 

One popular training systiem is known as the "Kniffin System"; See 
Figure Z0„ It is thought worthy of detailed discussion in this section because 
of its adaptability to many parts of the world; 

The development of this system may take three years. It irivolves th 
const ruction of two lines of wire approximately two feet apart and supported 
by posts placed in a single row of desireu lerigthn Wheri a vine is planted, it 
is cut back to two buds. After the first season, the stronger shoot is select^ 
and tied loosely onto the top wire. The second shoot is removed entirely; 
When the third season begins, two or four of the best shoots from the origin 
shoot are chosen and tied horizontally to the wires to allow for fruiting. Al 
other growth is removed. Fruiting canes, about the size of a pencil, are c\ 
back to five to eight buds each. 

Once this framework is developed, pruning is done only to reduce th 
number of buds to ensure new shoot growth and fruiting for the next season' 
growth and harvests 
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KNIFFIN SYSTEM 
FIGURE 20 



UNIT f-X - TROPICAL FRUITS 



A. CLA-SSIF-ICATION AND BESCRIPTION 

Three important trbp>ical evergreen fruits are the banana, papaya, 
and mango. Of these, the banana and mango seem to have orginat^ d m 
India, where both are still grown widely today on millions ^of acres of land. 
The papaya, on the other hand, is native to tropical America, particularly 
Mexico and Central j^.merica. Botanical classification differs for all three. 
The mango belongs to the family Anacardiaceal, the papaya Caricaceal, 
and the banana to the family Mu^aceal- 

The banana is a common table fruit, very rich arid high in food 
energy. It is favored for human consumption because of its ease for eating 
simply by peeling away the outer skin of the fruit. 

The papaya is a rather large fruit, oblong in shape and greenish- 
light yellow in color, containing small black seeds. Its food value is low 
and, in additibri to serving as a fresh fruit, U is now grown widely as a 
source of papain. Papain is an important enzyme material used in ten- 
derizing tough meats. (Figure 21.) 

Mangoes are somewhat sirnilar iri shape but smaile/ in size to 
papayas. When ripe, the mango is orange colored with mixtures of purple 
and red. The flesh of the fruit is yellow to orange in color and quite juicy, 
its economic importance lies rnairily in local co.nsumption in the lowland 
tropics where millions of people enhance their diet considerably because 
of the relatively good vitamin supply it contains. (Figure 22.) 



B. PLANT REQUIREMENTS 

B anan as do best on loam soils that are well-drained arid aerated 
?.t leact six feet in depth. Banana trees require a tropical climate and will 
tolerate cool temperatures in such areas barring frost. However, ideal 
banana plantations occu^ best where the temperature ranges from 60°F to 
V5^F. The optimurn conditibri for growing bananas is about IS^F for rnost 
of the year: With such an ideal climate, it is likely that the annual rainfa.l 
will be q\iite adequate for good growth anc maintenance. If condiribris are 
hot ideal, bananas require irrigation as they are more sensitive to water 
deficit than most other orchard species, excluding the papaya. Spacings 
of ten feet apart are used on many plantat^Dns. 



MANGO 

FIGURE 22 



Papaya trees tolerate many kinds of soil provided they are well- 
drained to a depth suitable for the root .system to develop and that the 
devastating root knot nematodes are not present, or at least no history of 
it in the area. 

As papaya is also a tropical plant, it thrives best in those areas ^ 
suitable for bananas, although the papaya will tolerate cooler weather thai 
some other tropical plants. However, the cool weather is not ideal as it 
retards growth arid c -uses bad flavor in the fruit. 

It is important to remember that the papaya tree is affected more 
by water deficit, iri terms of yield, than most other orchard species. 
Therefore, it is of utmost importance to ensure adequate soil moisture at 
all times. Papayas may be planted from ID to 12 feet apart. 

Mango trees will not tolerates poor, shallow and impervious soils. 
They will not necessarily die but fields ^ill be severely reduced. Since 
the mango is very tender to cold temperatures, it too is limited to growth 
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only ill tropical or near trop.cal climates. Water deficits seem hot to be as 
severe with the mango tree in "comparison to the banana and papaya. Spacing 
vary irbrh 25 to 50 feet depending on varieties used. 



C. PROPAG ' TION 

Banana - Propagated most cbillmdrily frotri rhizomes (the stemy 
part of the plant underground) cut from old stools or stumps. The rhizome 
pieces are prepared by trimming av/ay any roots and dipping them in a five 
percent solution of formaldehyde. It is important to remember that the 
rhizome must contain at least one bizd. The rhizomes are set twelve inches 
in the soil in ^lighteeri inch wide holes. 

Papaya - Usually propagated by seedlings. Mature papaya seeds 
are T^lanted in pots and tin cans (about three or four seeds per cdritairier) , 
After three to four weeks when germination has occurred and three or four 
leaves develop, they are then transplanted to the field. When planted in the 
field, it is well to remember that the roots should be carefully handled sc 
as not to cause injury and ^tHe individual seedling should be shaded from the 
sun. The papaya tree will fruit for a rhaxirhxim of eight to ten years. In 
practice, replanting occurs about every four years. 

Mango - Some varieties are propagated from seed, but most^are 
vegetatively produced by grafting on their own seedling rbbtstbcks. The 
particular type of grafting commonly" used is called veneer grafting. 
(Figure 23.) 



D. PRUNING 

Banana - Rembvihg and regulating of frrit sucker growth is usually 
ail the pruning require^. This is done to avoid too rhany suckers competing 
for nutrients arid water arid therefore lowering yields. Also, suckers from 
the base of the tree, or from the rhizome area, are, removed as wind may 
damage a heavy growth or "bunch" of bananas growing at that location bri 
the tree. 

Papaya - No pruning required as young trees grbw and fruit bri a 
single stem. Af^-^r a few years (two to three), they become less productive, 
Iruit is smaller, and usually the orchard or plantatibri is replaced with new 
s tock. 

Mango - Very little pruning required except wheri the tree is yburig. 
Pruning may be required to remove crowded branches and hard to reach 
Uiin branches in top of trc^e for purposes of lower irig total branch growth 
of the tree. 
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PHOTOSYNTHESIS 



Title 

Green Leaves and Food Synthesis 
Intrcducticn 

Phc to synthesis is th^ most important chemical reaction in nature. It 
supplies the basic needs for all life> both plants and animals. 

A; Have you ever woi^dered why leaves are greeii? 

B. Is there something about the green color that is important to 
plants ? 

C; What do we call the green substance? 

13. From whe : doe ; the green subsjtance come? 

E. How important to the plant, or to us> is this green substance? 
F; How important is light to this overall process? 

G, What are the raw rnate rials £or photosynthesis? 

H. What are the products? 

Conclusion 

Many processes occur in the leaf, but one of the most important is 
that of food manufacture. Green plants possess the ability to rnahu- 
facture food from raw materials derived from the soil and the air, 
ana upon this activity depends not only tJie life of plants but also the 
life of all animals, including man. Photosynthesis is the rnahufacrure 
of sugar from b^o sirhple raw rnate rials carbon dioxide and water 
xn the presence of chiorophyii (the green coloring matter in plantj) and 
with sunlight as the sbtirce of energy. Oxygen is a by-product. Since 
light is necessary, the name photosynthesis (photo - light; synthesis - 
a putting together) is appropriate. 

Cwestibhs ^ 

A. Of what importance is photosynthesis to the potato or turnip plant? 



Couid we live without the aid of green plants? Why? 
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C. Why is tl'ie lack of chlorophyll in some brhamerital plants a 
desirable feature? 

D. What would happen if light was excluded from celery stalks for 
a period prior to harvest? 

E. Wliy do carrot roots exposed to light turn green in color? 

F. What happens to weed growth when light is excluded? 

G. Why aren^t black coverings used on greenhouses? 
Further Areas of Study ' . 

A. Observe plant behavior in different light intensities. 

B. Germinate several bean seeds in the soil; expose some seeds to 
light while germinating. 

C. Expose carrots to light after they have developed. 



■ 64^ 

74 



PHOTOSYNTHESIS 

Exercise #1 
Effect of Lright on Glilorophyll Fbrmatibh 

Materials 

A- Two containers and Sie media for germinating 25 to 50 bean 

seeds 

B. 2 5 to 50 bean seeds 

C; i^ight-proof area (complete darkness) 
D. Labels and marking pencil 
Procedure 

A. Sow the seeds in the two containers, tabel and date. 
13 Germinate the seeds in the dark. 

C. After the young p] ;.nts have emerged frbrn the seeds, move 
half of them into an iiinminated environment. 

Questions 

A. Is there a reason why one set of plants ha? developed a green 
color? 

B. Under what conditions can we gr:)w plants oh a commercial 
basis indoors? 

C. Wh&t gas is given off by leaves during the day? Turing the 
night? Explain. 

D. V/hat is the role of chlorophyll in photosynthe isis ? 

E. Ari- there commercial crops where lack of light is necessary 
WLat are some of these? 

F. Dg\s light intensit-/ have ail effect? How? 



-65- 



75 



TRAINEE WORKSHEET 



Name 
Date 



UNITt PHiOTOSYN THESIS - Exercise #1 



I. Objectives: 



11; Procedure: 



III, Observations and Results: 



IV. Concxusions: 
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Questions : 



A. is there a reason why one set of plants has developed a green 

color? 



B. Under what conditions can we grow plants on a cbrrimer cial 
basis indoors? 



C. What gas is given off by leaves during the day? During the 
night? Explain. 



b. What is the role of chlorophyll in photos^/nthe sis ? 



E. Are there commercial crops where lack of light is necessary? 
What are same of these? 



F. Dbeb light intensicy have an effect? How? 
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Exercise #2 

Light and Chlorophyll - Essential to Photosynthesis 

I. Materials 

Ai Two potted actively growing coletiB plants (or similar plants) 

B. Carbon t)apef or light-tight box (tox^l darkness) 

C. Ethyl alco'iol, 95 percent 

D. Hot plate, stearn bath, or water batii 

E. Iodine 

F. Paper clips 

II. Prbcedi^re 

A. Cover half the leaves on a plant wit±L pieces of caibon paper 
folded over the upper and lower surface© and clipped in place. 
(Alternate procedure place one of tihe two coleus plants in a 
light-tight box or cabinet for severLl days. Leave the second 
plant in the light, j 

B. Take a leaf or leaves from the plants that iiave been gr^. ving i 
the two different environmental conditions. 

C. Mark eacfi leaf with an identifying notch ?ldrxg the margin or < 
the petiole as you remove it from a given envirbnineht, ?.rid rn 
a note of the nmark that cbrrespcnds \vdth each environment. 

D. Make a tiketch of each leaf wi9i its identifying marks after - • 
moving trie treated leaves from tile plants, in--.iude variegi.^ •: 
areas. 

E; Test each li^^af for starch uf;irig the following method: 

1. Kill the leaf by immersing it in boiling watjf for one mini 

^, Extract the chlorophyll and other pigments by transferrin 
the leaf to hot 95 percent ethyl alcohol. eau£xOnt th^; hot 
95 TV .rceht ethyl alcohol used in this experiment should tc 
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iiea'ced on - * : zric hot plate, in a steam bath ^' very 
carefuUr vvi Ui a Biihseh burner in a bath of boiling water. 
AJcbhcl ii-; very flamrnable; 

3. When iribst of the pigment is extracted, dip the leaf in hot 
water again for three seconds to keep it from getting brittle 

4. Place the leaves in a Petri dish or saucer and cover with 
iodine solution for one minute, 

5. Rinse the leaves in water and lay out for observations, A 
dark color in the. leaf indicates the presence of starch. 
From where di^.' this starch come? 

6. Make another sketch of each leaf arid indicate the dark area 

7. Conapare the sketches of each leaf, m^:de before extracting 
the pigments, with the starch pattern, V/'as laere starch 
present in all green parts? In all yellow pares? 

estioris : 

How does the presence of starch compare with the preserice of 
chlorophyll in the lea ves you studied? 

V What effect does the abserice of light h:^7- ^ \e preserice of 
starch? 

\ 

How does this irifbrmatibri add to ybur kribr It^dge of the factors 
involved in the procei s of photusynfcc sis ? 

What are some of the limitatibris bf tlie techniques ycu have nsed 
in this exercise? 

What effect dbes the preserict br absence bf light have bn the 
occurrence of photosyntihesis ? 
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TR.AINEF WORKSHEET 

Name 
Date 

UNIT: PHOTOS YN THESIS - Exercise #2 
i; Objectives : 



ii; Procedure: 



III. Observatibris 



IV. Conclusions: 



?.iid Results: 



so 
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V; Questions: . - 

« 

A; How does the presence of starch compare witii the . resence b£' 
chlordphyll in the leaves you studied? 

B. What effect does the absence of light have on the presence of 

..tarch? " ^- 

C. How does this information add to your knowledge of the factors 
involved in the process of photosynthesis? 

D. What are some of the 1:' 'mutations of the techniques you have 
used in this exercise? 

E. What effect does the presence or absence of light have on the 
occurrence of photosynthesis ? 
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re:production 



I. Title 

Plant Propagation and Reproduction by Seeds 
II. Introduction 

One thing that distinguishes living thing: f i cm non-living is that living 
things can reproduce themselves. Many ts reproduce by seeds o: 

by spores. In some plants, leaves Siat c p onto ti grbunH produce 
new plants; in others, new shoots develdpi iibm parts of the roots or 
from runners; in still '"thers, branches that touch the ground t^ke rof 
and produce new plants. 



A. 


What is the diffe ''ence between sexual and asexual rc^ 


. ductibn 


^. 


Will seeds produce true to varieb/ ? 




C. 


How does pblliriatibn relate to plant propagation? 




D. 


What conditions allow a seed to grow? 




E. 


How important is the sood coat? 




F. 


How important is soil to seed germination? 




G. 


What is a seed? 




H. 


What are the advantages of budding and grafting? 





III; Conclusion . 

Living things are able to perpetuate their own kind from a part of 
themselves. This may be either sexual or asexual r epr bductibn. 



The factors affecting gerrninatibn are temperature, mc' ture, oxyge 
and possible light. When zhe conditions of dormancy are satisfied ar 
the environmental conditions are favorable, r: seed will germinate; 
Different kinds of seeds have specific temperature ranges at which 
they will germinate. Moisture softens the seed coat, swells the 
embryb, and starts other metabolic processes. Oxygen enters and 
increases respiration. Light may or may not be a factor. 

^-at^itive substances are to be found withir. the seed and are not takei 
from Lxie '^irivirunrriehL. Sbil ia aaoL a x c.^uix cuieiit fcrl gc i iiiinc;:tiGn. 

i. ' 
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Qnestions 

A. Why 15 cross pollination necessary wi^Ji corn? 

B. "Why is grafting and budding important to the fruit grower? 

C. Why are some plants propagated by culrings ? 

D. Explain why plants grown from seeds off "the same parent plant 
can all be different? 

E. How do conditions of ^.orage, soil temperature and mechanical 
damage affect the viabv ity of seeds? 

F. What are the advantages of seed treatment and scarification of 
seeds ? 

G. What is dorrhancy? 



REPRCDUCTlOiSi 



Exercise ^1 
Seed Germination 



Materii:%l s 

A. Planting containers (flats, cans, pots) 

B. Germinating rinedia 

1. A fine, uniform mixture 

2. Should hold water yet let excess v/ater drain away 

3. Should be free of weed seed, insects, :^r)d disease 

4. Alkaiinit^r or acidity levels dependent upor seeds to be 
germinated 

,S. "Cal Poly JCvIix" is suggested^-' 

C. SaiLable seeds 

D. 5joil f mgicides 

E. Hot water or bleach 
Proc-durr 

A. Fiit flat, then firm and smooL'h soil. 

B. Distribute seeds in unifonii rows eveniv 5=paced. 



- "Cai Poly Mix" is a plant £;oil m?.xture cdmposed of the fbllbwing ing 
rits, prcpoi uicr? , and ah:'* ^irics : 

Gal Pol-/ Mix 



two parts sand thre J po'jnds hoof and horm meal^'J' 

two parts fir -bark three pvouhde super pHbsThate-^^^ 

one part clay loam one pound of pbtarjitim suif ate-^ 

one part aged manure one pounc dolxiilte lime*^^ 
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C Cover i^eeds with fine soil (rule o:: thumb - cover four times 
the thickness of the se'idsj. 

D: , Watt. r. 

E, Place flat in warm Ibcatibh. 

F, Kevp seeds moist during germinationp 

G, Observe seeds until all have gerniina t:ed. 
III. Questions 

A. Why deecjs covered only four times their diarnc*-.er? 

B. He V n'lc L rr a il s such is lettuce '^e evenly" spaced? 

C; Wha^ . ... cp .n ii d:n excess of water is ap-oiied to the seed 
flat? 

t!>- What is th:t pu-rpose of the hoi: wa;cer or the bleach? 

Ei 'i\l:at raethod of propi jatibn or reproduction is demonstrated 
by this exercise V 



it 
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REPP.ODUCTION 

Exercise #2 
G- .wing Avocado Seedlings 

i; Materials 

A. Roll . . per, 18" v.-idth 

B. Tar pot and thrush. 

C: Metal cylinder, 4 3/4" diameter and Ife" long 

D, Avocado seeds (Mexican v^Jrieties preferred - Tapa Tapa^ Dulce, 
etc. ) 

E, Silty ioam noil (sterilized) 

F, Tamp (ir.-;crumenf for .*^irmihg bbil) 

C. Peat mc &s 
II. Procedure 

A: Cvi tar p.^pe - in 16" lengths. 

B. Forn: 18" f.aux paper cylinder v. sing metal cylinder as form gtiJde 
deal paper adges together with tar. 

C. P'ill r cylinder with moiGt soil. 

1. of acil 1x1 cylinder and t^.mp firmly. 

2. ± III cylinder with soil lightly. 
D: Plant Dne avoc^'^.*^ b-^ed. 

Remove ^ed cr ' . 

C^:{ 8" from each end off the embryo. Be careful tha.t cut 
_o :S not exceed 1/8". 
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4. Cover with |-" peat mbsfc . 

5: Water well; 

6; Place in greenhovise. 

7. Keep watered - do not over water. 

8. Allow six rnonths to grow. 

9. ObBerve gr^jwth and treat plant fdi* aiiy pests or diseases 
that may occur. 

10. Keep a rr cc: :^d of each seed's growth. 

Questions 



A. Why remove txje seed coat? 

B. ^Vl'xy are the end cat? made? 

C. Why iritist the end ctits be less than 1/8"? 
D: Why sh:^i:'la the scii be sterilized? 

What facto IS may prevent seed germination. 




TRAINEE WORKSHEET 
Name 
Bate 



P^npp^C Auction - Exercise #2 
ObjectivcB: 



Procedure; 



dbservatior": and Results: 



Coricluflidiir: 



QuestionB: 

A; Why reir bve the seed coat? 
B: Why -r.d cuts made? 

C. Why mupt the er:d cuts be less than 1/8"? 

D. Why should the soil h^ sterilized? 

E. What factors may prevent seed germination? 
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REPRODUCTION 

Exercise #3 
I'fdpa coating Citius Seedlings 

i. Materials 

A. Seeds (Cb ose seeds from vigorous old trees; Commonly used 
seeds are i weet orange, Trdyer citrange, Cleopatra rriandrin, 
Trifoliate orange, and rough lemon.) 

B. Suitable planting media (fine^ well-drained " Cal Poly Mix"'") 

C. Clean sand 

D. Plartir.o container (Redwood fiat or tA lug box) 
fe': /^Imninum sulfate 

II. Procedure 

A. Extract seeds frdix^ fruit just before planting. Wash and drain 

after extracting. If seeds cannot be planted immecTiately, dry cti 
paper towel and store in refrigerator in a plastic bag, 

r'^i planting container with soil rnix. 

C '^pply li oz. aliuninurn sulfate per sq. ft. jji surface of pi-=inting 

edia; 

D. Broadcast o • space seeds in rows. Plant 200 se^?ds per 

Yl. Cover with of sand. 

F. Water weii. 

G : Pla c e in p r • : nhou s , 

H. Keep mdist, not wet. 

I. Observe grov/th. 

J: Seeds r.i. •^*:^d in December will be 'oady to plautad in nursery 
rows in April or May. 



Se-^: footnote in Exercise 1 • - V.ep>rbdu.ctib/i 
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in. Uuesl'oris 

A, Why asc seeds ffdm older tree? 
B; Why use aiu.nintim suifate? 

C. How ma.\y seeds germinated? 

D. What is ^ o^r germination percentage? 
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UNIT: REPRODUCTIO-^ ^rcise #3 



I. Obiectives: 



II. Procedure: 



lii. Obs'M- -ci .1 and '^^Its: 



IV. Concl-isio: i& 



9B 
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Que stlons : 

A. Why use seec's from older trees? 



B; Why use aiuminar:*^: sulfate? 



C. How many seeds germinated? 



D. What is your germinatibti percerita 
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REPRODUCTION 

Exercise §4 
Asexual Reproduction - Cleft Grafting 

Termihology 

A, Scion - a shoot or branch, detached, containing buds, 

B; Stock - the lower portion of plant to be grafted; the root system. 

C, Cambium - a thin tissue of the plant between the bark and tV - 
wc c d. 

Materials 

A, Grafting knife 

B, Grafting tool ar:l maiiet 
Tree seal 

D, Brushes » 

E, Dec.'dudus tree 

F, Scion wood (usuailj one year wood) 
Procedure (Refer Illustration) 

A. Saw off branch squarely. 

B. Split the branch down the center using grafting tool and mallet 
(make 1-1" to 2'' cleft), 

C. Drive wedge into center of cleft; 

D. Cut 4" scion. Gut lower end wedge shaped. Outer aide SiioMld 
be thicker than the inner side to insure caxntiuni contact, 

E. Cairefuiiy match cambium layers of scion and stock, 

F. Carefully seal all cut surfaces with grafting wax to keep wounds 
from dehydration or disease infestations. 



G: .Arllov:^ time for buds to sprout ari'^ v/'lincis lb Heal. Inspect grafts 
deteri iine success.es or failures. Determine reasons for failure 
if anv". 

Questions 

A.^ V/hy rr.ast the carhbium layers touch? 

B; Wm* t are other methdtds of grafting? 

C. Is there ari advantage to grafting trees? 
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Name 
Date 

UNIT: REPRODUCTION - Exercise #4 

I. Objectives: 

II. Procedure: 

III. Observations and Results; 

IV. Conclusions: 
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\" . Questi' 'Ts : 

A, Why must the carnbi\irn layers touch? 

B: What are other methods of grafting? 
« 

C, Is there an advantage to grafting trees? 
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REPRODUGTiON 

Exercise S5 
A^iCOTal Reproduction - '*T" Budding 

Terminology 

A, Scion - a shoot or branch, detached, containing buds: 

B, Stock - the lower portion of plant to be grafted; the root system, 

C': Cambium - a thin tissue of the plant between the bark and the 
^vbod. 

Mate rials 

A; Budding knife . 
B; Budding tape 

C, Bud wood (current year's growth) 
Procedure (Refer to Illustration) 

A, Make "T" incision 1-|" long in stock at desired location. 

B; Cut shield bud. (Cut long, deep enough to include a small 

amount of heartwood. ) 

C; Insert shield bud into "T" incision until it is beneath the bark; 

D, Wrap firmly with budding tape. 
Ques tioris 

A: Why bud? 

B; What are other miethods of budding? 

C, What type of bud should be used? Why? 

b. What are the seasons when budding can best be a ccornplished? 

E: Why do we insert the shield bud just beneath the bark? 

BS 
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bate 

unit; reproduction - Exercise 115 
I: Objectives: 



II. Procedures: 



III. Observations and Results: 



IV. Conclusions: 




Qutistibiis 
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A: Why bud? 



B. What are other methocis of budding? 



C. What type of bud should be used? V/hy? 



D. What are the seasons when budding can best be accomplished? 



E. Why do we insert the shield bud just beneath the bark? 
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Ejxerciee lib 
Asextial Reprdductibn - Tip Cuttirigs 

I. iMaterial 

A Porlite 

F^. R('dwddfl nt^rsefy flat 

C. Ge. raniuiTi cutting material 

^I). Rooting hormone such as Rootone 

II. Procedure 

A. Fill flat with Perlite. 

B. Make tip cuttings 3" to 6" long for greater carbdhydrate con- 
centrations at the basal part; midsection cuttings should be 
shorter: Make cuttings at least two nodes in length. Make 
angular cuts for easier insertion. 

C. Reduce leaf area 1/3 to 1/2 by removing lower leaves and 
trimming upper leaves. This reduces loss of water from 
transpiration and makes the cuttings easier to handle. 

D. Dip bottom of cuttings in rooting horrhone. 

E. Insert cuttings in rbbtihg media at an angle, brie to two inclies 
deepjL Place cuttings as close together as leaves permit. 

F. . Water arid place in a warm a^ea. Use mist propagator if 

available. 

G. Keep cuttings rnbist. 

H. Allow several weeks for cuttings to root. .--^ x 
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Questions 

A. When did thu ctittingB begin to callus? 

How long before the cuttings rooted? 
C. Why arc cuts taken at an angle? 
1), Why must the cuttings be kept mbist? 



UNJT: REPRODUCTION 
J. Objectives: 

il. Procedure: 

liT. Observations and Results: 

IV: Conclusions: 
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- Exercise #h 



103 

-93- 



V. Questions : 

A; When did the cuttings begin to callus? 
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B. How Idiig before the cuttings rooted ? 



C. Why are cuts taken at an angle? 



D. Why must the cuttings be kept moist? 
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REPRODUCTION 

Exercisis Hi 
Whip Grafting - Avocado Sp.edlings 

Materials 

A, Avocado seedlings 

B, Avoca l:^ snori - very mature (ernergiiig buds). (Select pencil 
sized wood, about 8" long, including terminal buds; ) 

C. Budding knife 

D. Budding tape 
IL Procedure 

A. Select seedling with stem about pencil size. 

B. Select scion. Remove any flower buds. 

C- Install whip graft 6" to 8" above soil level: 

D. Tie with budding tape. 

ii], ilaturn to greenliouse and observe two weeks. 
III. Questions 

A. Why should the whip graft be done 6" to 8" above soil level? 

E. Explain why flower buds are removed? 

C. Why selttct pencil size s cibn wood 

D: Why should the terininai oud be present? 

E, What are the meaning:s of the following words? 

1 . Scion 

2. Root stock 

3: Gambium layer 
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UN!T: REPRODUCTION - Exercise #7 

I. Objectives: 

II. Procedure: 



IJi: Observations and Resnits: 
IV; Conclusions: 

^- 
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V. 



A. Why should the whip graft be done 6" to 8" above tjoil level? 



B; iixplain why flower buds are removed. 



C. Why select pencil size scion wood? 



D. Why should the terminal bud be present? 



K. What are the meanings of the fbllbwirig wbr^s? 
I . Scioii 



2. Root stock 



3. Cambium layer 
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REPRbbUCtlON 

Exercise W8 
Citruis Budding 

Materials 

» 

A. Citrus seedlings 

B. Budwood 

C. Budding knife 

D. Budding tape 
Procedure 

A. Make a if" long "T" incision about 8" above the ground on the 
side of the citrus seedling. 

B. Cut a shield bud from the budwood 1^" long. Include a small 
amount of heartwood. 

C. Insert the shield put into the "T" incision until the entire shield 
is benea.th the bark. : 

D. Wrap tightly with budding tape. 
Questions 

_ ______ 

A. Why is the "T" cut taken on the north side of the tree? 

B. What type of bud should be used? Why? 

C. How long did it take for the bud to grow? 
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UNIT: REPRODUeTiON - Ey rcise #8 
I. Objectives: 



II. Procedure: 



ill: Observations and Results: 



iV; iSonclusibns: 
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V. Questions: 

A. Why is the "T'' cut taken on the north side of the tree? 



B. What type of bud should be used? Why? 



e. How long did it take for the bud to grow? 



100: 



EKLC 



TRANS PIRAT lO N 



Title 

Water Movement from the Leaves - A Type of Diffusidri 

Introduction (Refer to unit on Diffusion for complete intrdductidn. j 

Of all the environmental factors that affect plant life, none is more 
imporlant than water. 

A. Why must we continually irrigate? 

B. Where does the water in the plant go? 

C. What causes a plant to wilt? 

D: Why do we cut back a plant top when transplanting? 
Conclusion 

All plants lose water as vapor through the sterns and leaves. Whenever 
the uptake of water by the roots is slower than the rate of transpiration, 
willing will be initiated. 

Questions 

A. How can cover crops control moisture in the soil? 

H; To compensate for root damage and to lessen water uptake when 
transplanting, a cdmrnon practice is to cut back aerial portion of 
some plants. Why? 

C. In many semi-desert areas, plastic tents caii be used to cover 

plants. The idea is to collect water vapor given off by the plant. 
This moisture could run off into troughs and be used for water- 
ing livestock and game. Is it a very practical idea? Why? 
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D. When soil and atmospheric hvLrhidity are high^ fruits tend to 
absorb more water than cells are capable of holding. What 
happens ? 



Hew can wind, soil type, humidity and temperature affect the 
frequency and amount of irrigation? 



V. Further Areas of Study 

A. Expose one plant to a fan or air circulating device and place 

another plant in a sheltered area. Water and weigh each plant 
and container at start of exercise and after 24 hours. Account 
for any differences in weights. 

B: Stomato location - cellulose- tape technique to remove the epidermis. 

C. Obtain several srnall plants in ndnpdrdus containers. Seal the 
soil surface with plastic or foil to prevent soil water evaporation. 
Weigh each potted plant and subject one to 75 F for a 24 hour 
period. Other erivirbrimerital cbriditibris should be the same for 
the other plants. Weigh the plants again^ahd calculate the per- 
centage of water lost for each plant. GoAtrast the results and 
explain any differences. 

D. The plant's structure such as exposed leaf area can affect the 
rate of transpiration. »v 

E. Fill several pots with various soil types, ranging from sand to 
clay. Weigh the pots and then saturate each with water arid 
allow them to drain freely for 48 hours. Galculate the percentage 
of water retained by each in contrast to the original weight of the 
soil: Deterrnine the best type of soil for water holding.. Tell 
why you would choose one soil type rather than some other for 
growing plants. 
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TRANSPIRATION 

Exercise #1 
Plants Transpire 

I. Matisrials 

A. A growing plant in any isize container or growing in a cbiiveriierit 
Ibcaticn. 

B. Plastic bag or sheet of clear plastic that will cover the plant or 
a stem. 

C. String or rubber band. 

II. Procedure 

A. Be certain the plant has been watered. 

B. Cover the leaves and stems with the plastic bag or other material. 

C. Tie rriaterial securely at base. Take care not to injure the stem. 

III. Questions 

A, Note any water condensation on the inner iSurface of the bag. 
Why does this occur? 

B. Does light intensity have an effect? How? 
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I. Objectives: 



II. Procedure: 



iii. Observe tions and Results 



IV. Gonclueions: 
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V. Questions : 



A: Note any water condensation on the inner surfaces of the bag. 
Why does this occur? 



B. Does light intensity have an effect? How? 
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